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Photo-Electric Multipliers 
27M1 and 27M2 


for light operated relays, film scanning, facsimile transmission, and many 
Research and Laboratory investigations involving low light levels. 


Now available for prompt delivery 


27M1 The 27M is a nine stage high vacuum photo cell 
with high response in the visible region. When operated at 100 
volts per stage it is capable of multiplying very small currents 
produced under weak illumination by an average value of one 
million times. Under normal operating conditions the resultant 
output current is a linear function of the exciting illumination. 
The frequency response is flat up to the frequencies at which 
transit time of electrons within the valve becomes a limiting 
factor. 

Because of its great sensitivity, low noise level, low dark 
current and freedom from distortion the 27M1 may be used 
for light operated relays, film scanning, facsimile transmission 
and in scientific research involving low light levels. In many 
applications its small size is an advantage. List Price: £15. 


97M2 The 27M2 is a nine stage high-vacuum photo-cell 
similar to the 27M1 except that it has wider tolerances on the 
anode dark current necessitating a lower anode supply voltage 
with a resultant reduction in the current amplification to 
approximately one quarter of that obtainable from the 27M1. 
It is capable of multiplying very small currents produced under 
weak illumination by an average value of 250,000 times when 
operated at 80 volts per stage. 

The 27M2 is suitable for the same applications as the 27M1 
wherever the reduced magnification is acceptable. List Price: £6. 


The secondary cathodes, or 
dynodes, of these multipliers 
are arranged in cylindrical 
formation so that they are 
exceptionally compact. 


/ Incident 
Light 


TYPIGAL OPERATION 


Voltage between anode and secondary 
cathode K10- - - - - - - 
Voltage difference per stage - - - 
Maximum anode dark current (with 100 
volts between anode and cathode K10)_ - 
Luminous sensitivity (taken on the basis of 
a lamp colour temperature of 2700°K and 
a light areaof5mmx20mm) - - 20A lumen 
Current amplification (ratio of anode 
sensitivity/cathode sensitivity) YF Ang ae 


TYPIGAL OPERATION 


Voltage between anode and secondary 
cathode K10- - - - - = = 

Voltage difference per stage - - - 

Maximum anode dark current (with 80 
volts between anode and_ secondary 
cathode K10) - - += + + +9 = 
Luminous sensitivity (taken on the basis. of 
a lamp colour temperature of 2700°K and 
alight areaof 5mmx20mm) - = - 2.5A/lumen 
Current amplification (ratio of anode 
sensitivity/cathode sensitivity) a ces 


- 50 volts 
- 100 volts 


0.25pA 


- 10° 


- 50 volts 
- 80 volts 


0.25pA 


0.25 x 10° 


Either the 27M1 or the 27M2 may be used as a plug-in replacement for the American type 931A. 
A special stabilised power unit providing a highly stable H.T. supply for photo-multipliers is available. 


Full details on request. 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘“‘Situations Wanted,’’ when it is added 


1 Pp f. » 





free of charge. At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single Prosp and 


Financial Reports £14. 0s. 0d. per column. A remittance must accompany the advertisement. Rep 


panys 
hould be addressed 


to box bers 





to: “ Electronic Engineering,” 28, Essex Street, Strand, London, W.C.2. Advertisements must be received before the I4th of the 


month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


JERSEY CIVIL SERVICE. The Civil Service 
Board of the States of Jersey invites applica- 
tions for a post of Radio Technician in the 
States’ Telecommunications Department. Candi- 
dates must have sound technical knowledge, 
and good practical experience in the installation 
and maintenance of electronic aids to naviga- 
tion, wireless transmitters and receivers. City 
and Guilds Certificate in Telecommunications 
Engineering, or a pass in the Ministry of Trans- 
rt and Civil Aviation’s qualifying test for 

dio Technicians an advantage. Salary £420 
rising to £530 with prospects of establishment 
in the Jersey Civil Service after a qualifying 
riod. Apply in writing to the Greffier of the 
tates, States’ Greffe, Jersey, stating date of 
birth and full details of education, technical 
training, qualifications and experience, enclosing 
copies of two recent testimonials and _ giving 
mames and addresses of two referees. Closing 
date 11th September, 1954. W 2366 


NATIONAL COAL BOARD invite applications 
for superannuable appointments as _ Scientific 
Technical Officers at their Central Research 
Establishment II, in Isleworth, Middlesex. The 
work undertaken is on basic principles and staff 
are required for the following fields:— (1) Prob- 
lems in the control and improvement of work- 
ing conditions in mines; (2) mechanical proper- 
ties of coal of relevance to coal winning; (3) 
technical methods of coal winning; (4) design 
of experimental coal-getting machinery; (5) tech- 
nical problems arising in coal transport, roof 
support, etc., (6) metallurgy, and (7) instrumen- 
tation for use in mines and laboratory in con- 
nection with the above problems. It is desirable 
that candidates should have at least General 
Certificate of Education at Advanced Level in 
Science subjects or Higher National Certificate in 
Mechanical or Electrical Engineering or Applied 
Physics. Previous experience in laboratory 
work or instrumentation would be an advan- 
tage. Appointments will be according to 
ualifications and experience, as _ Scientific 
echnical Officers, Grade I (scale £730 x £25 
— £880). Reference No. TIT/816. Grade II 
(Scale £485 x £20 — £705) Reference No. 
TT/817. Grade III (Scale £375 x £20 — £535). 
Reference No. TT/818. London Location 
Allowance of £32 10s. at the minimum rising 
to £62 per annum at the maximum of the 
above scales is payable in addition. Write, 
giving full particulars (in chronological order) 
_ age, education, qualifications and  ex- 
ience (with dates) to National Coal Board, 
tablishments (Personnel), Hobart House, 
Grosvenor Place, London, S.W.1, quoting this 
Paper and marking envelope with the relevant 
Reference Number quoted above. Origi- 
nal testimonials should Not be forwarded. 
Closing date 20th September, 1954. W 2376 


MINISTRY OF SUPPLY requires Engineers in 
London to plan manufacture of precision 
engineering products comprising mechanical, 
electrical and electronic elements and assess 
machine tool, space and assembly requirements. 
ualifications. British of British parents. 
ecognized engineering apprenticeship and 
A.M.I.C.E. or Mech. E. or E.E., or exempting 
qualifications. Experienced manufacture light 
and/or medium precision mechanical and/or 
electrical equipment. | Familiar modern tech- 
Miques and processes. Preferably experienced 
Servo mechanisms and application of electronics 
in control devices. yi Within £650 (age 
25) £1,000 Grade III (C480/54A) or £1,000- 
£1,320 Grade II (C481/54A). Not established 
but opportunities to compete for establishment 
may arise. a orms from M.L.N.S.. 
Technical and Scientific Register (K), 26 King 
Street, London, §S.W.1, quoting appropriate 
reference number. W 2330 


MINISTRY OF SUPPLY requires for Research 
and Development Establishments mainly in 
Southern England. (a) Aerodynamicists and 
Aeronautical Engineers (Ref. A.215/54A); (b) 
Electrical Engineers (Ref. D.420/54A). Posts are 
in Scientific Officer Grade, and for (a) require 
ist or 2nd class Honours Degree or equivalent 
in Mathematics, Physics, or Engineering prefer- 
ably with research or experimental experience 
of aircraft problems; for (b) Ist or 2nd class 

onours Degree or equivalent in Electrical 
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A 


Engineering with experimental or research ex- 
perience in light electrical or electronic fields. 
Salary according to age and experience within 
scale £470-£855 (London); £445-£815 (Provinces). 
Women somewhat less. F.S.S.U. benefits may 
be available. Application forms from M.L.N.S., 


Technical and Scientific Register (K), 26 King 
quoting approp iate 
W 2382 


Street, London, S.W.1, 


reference No. 


MINISTRY OF TRANSPORT AND CIVIL 
AVIATION: Telecommunications Technical 
Officers, grade III. The Civil Service Commis- 
sioners invite applications from men for at 
least three pensionable posts. Age at least 23 
and under 28 on Ist August, 1954, with exten- 
sion for regular service in H.M. Forces. Candi- 
dates must possess (a) the O.N.C. in Electrical 
Engineering or (b) City and Guilds Inter- 
mediate Certificate in Telecommunications 
Engineering, plus City and Guilds Certificate 
Radio III, or (c) City and Guilds Certificates 
Telecommunications Principles III (or higher) 
and Radio III (or higher) or (d) produce evi- 
dence of an equivalent standard of technical 
education. They must also have had not less 
than eight years’ experience in an appropriate 
telecommunications field, including manufactur- 
ing or maintenance or operation. London salary 
£480 (at age 23) to £670 (somewhat lower in 
provinces). Starting pay up to £580 at age 28 
or over on entry. Promotion prospects. Further 
particulars and application forms from _ Civil 
Service Commission, Scientific Branch, 30 Old 
Burlington Street, London, W.1, quoting No. 
§207/54. Application forms must be returned 
by 8th October, 1954. W 2383 


NORTHERN POLYTECHNIC, Holloway, Lon- 
don, N.7. The Governing Body _ invite 
immediate applications for appointment as full- 
time Lecturer in Telecommunications Engineer- 
ing for the three-year full-time course in 
preparation for the Full Technological Certificate 
of the City & Guilds of London Institute in 
Telecommunications Engineering. A knowledge 
of radar and television engineering is desirable. 
Salary scale—£940 x £25—£1,040 plus London 
Allowance. Form of application, together with 
full particulars, will be forwarded on receipt of 
a stamped, addressed foolscap envelope. R. H. 
Currell, A.S.A.A. Clerk. W 2361 


PHYSICIST OR ELECTRICAL ENGINEER 
required by Ministry of Supply at Experimental 
Establishment in Cumberland to assist in in- 
troducing new optical and_ electronic in- 
strumentation equipment to be used on ballistic 
trials. Normal qualification is Higher School 
Certificate (Science) or equivalent, but Degree 
or Higher National Certificate may be an ad- 
vantage, some experience appropriate to above 
duties desirable. Salary within range Assis- 
tant Experimental Officer £276 (at age 18) — 
£615. _Women somewhat less. Application 
forms from M.L.N.S., Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, 
quoting A  222/54A. Closing date 10th 
September, 1954. W 2379 


RADAR RESEARCH 
School of Electronics, Ministry of Supply, 
Malvern, Worcs, requires Assistant ‘‘B’”’ to 
teach mathematics to O.N.C. standard and basic 
p*inciples of electronics. Degree or H.N.C. 
with electronics required. Salary on Burnham 
Technical scale £525-£820 (male), with appro- 
priate increments for experience, and subject 
to Teachers’ Superannuation Acts. Apply, 
stating qualifications and experience, to Prin. 
cipal, School of Electronics, Ministry of 
Supply, St. Andrews Road, Malvern. W 2381 


THE UNIVERSITY OF MANCHESTER. Appii- 
cations are invited from Graduates for two 
Lectureships in the Fluid Motion Laboratory. 
The person appointed to one of the posts will 
be required to work on problems of electronics 
and instrumentation for the measurement and 
observation of fluid flow, including turbulence, 
the propagation of shock waves and aero- 
dynamic noise. Candidates for the other st 
should have special qualifications in uid 
dynamics. Salary on a scale £500-£1,100 per 
anum: initial salary according to qualifications 
and experience. Membership of F.S.S.U. an 
children’s allowance scheme. Applications should 
be sent not later than 11th September, 1954, 


ESTABLISHMENT, 


to the Registrar, The University, Manchester. 
13, from whom further particulars and forms 
of application may be obtained. W 2380. 


THE WAR OFFICE requires for No. 35 base 
workshop, R.E.M.E., Old Dalby, Leicestershire. 
One echanical Engineering Officer (Main 
Grade) to control Workshop repairing radar 
and associated equipment. nowledge and ex- 
perience of modern electronic and_ allied 
engineering progress and process methods and 
technique of management essential, also ability 
to organize large repair programmes and pro- 
duction. Inclusive salary range £960-£1,240 
(Provincial). Applicants must be British of 
British parentage and corporate members of the 
Institution of Electrical Engineers or have passed 
or be exempt from Sections A and B of their 
membership examination. Starting salary fixed 
according to age, qualifications and experience 
on range quoted. Annual increments subject 
to satisfactory service. Post temporary but 
long-term _ possibilities. Application forms 
from L.N.S., Technical and Scientific Register 
(K) 26 King Street, London, S.W.1, quoting 
D.258/54.A. W 2329 


TRINITY HOUSE, London. Applications are 
invited for appointment to the post of Experi- 
mental Officer in the Electrical and Electronics 
of the Corporation of Trinity House, for work 
in connection with the development of electrical 
and electronic navigational aids. This includes 
the development of optical systems for fog 
detection apparatus, development of fog signals. 
audio monitoring equipment and automatic con- 
trol and indication equipment. Salary scale: 
£720 rising to £890 per annum. The minimum 
qualifications required are a Science Degree, 
Corporate Membership of the Institute of E'ec- 
trical Engineers or equivalent. All candidates 
must be medically fit and of British Nationality. 
The appointment is on an unestablished basis. 
Applications should be made in writing to the 
Secretary, Trinity House, London, E.C.3, not 
later than 16th September, 1954, stating age, 
occupation, qualifications and experience and 
enclosing copies of recent testimonials. W 2363 


UNIVERSITY OF EDINBURGH. Depart- 
ment of Engineering.. Applications are invited 
for the post of Assistant in the Department 
of Engineering. The salary scale is £450 by 
£50 to £550 per annum. Applicants should 
possess an onours Degree in Electrical 
Engineering and some practical experience would 
be desirable. Further particulars may ob- 
tained from the undersigned, with whom 
applications, giving the names of two referees, 
should be submitted not later than IIth 
September, 1954. Charles H. Stewart, Secre- 
tary to the University. W 2373 


SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952 





A LABORATORY ASSISTANT is urgently re- 
quired by company concerned with the manu- 
facture of electrical equipment for aircraft to 
maintain general laboratory equipment, parti- 
cularly that concerned with type approval test- 
ing, and to store, maintain and calibrate 
instruments. Position offers considerable scope 
and interest. While there are no particular age 
limits the company will be specially interested 
in applications from older men with this type 
of experience. The salary for this position will 
be in acordance with age and experience. Please 
reply, giving full details to Box No. W 2358. 





A NUMBER of posts are vacant for men and 
women, in the research laboratories of Erics- 
son Telephones Limited, for Physicists, 
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SITUATIONS VACANT (Contd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
uged 18 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








Physical Chemists and Electrical Engineers for 
work on audio frequencies, electronic switch- 
ing, nucleonic equipment, semi-conductors and 
valves. Write giving particulars of qualifications 
and experience to Personnel Officer, Ericsson 
Telephones Limited, Beeston, Nottingham. 

W 2174 


A SENIOR appointment will shortly be filled 
in the London laboratory of a firm holding con- 
tracts’ in guided weapon and kindred fields. 
Engineers who wish to be considered for this 
vacancy should be Graduates and should have 


had some experience in industrial engineering 
laboratories. Some production engineering ex- 
perience in addition to microwave electronic 


and/or servo experience would be an advantage. 
Starting salary will range according to age and 
experience and will be on a generous scale and 
will be subject to good increases according to 


merit. Pension and life assurance schemes are 
in operation. Write, giving full details, in 
confidence, to Box No. W 2325. 


AIRMEC LIMITED require Development 
Engineers and Technical Assistants in their 
laboratories at High Wycombe. Applicants 
would be required to work on the develop- 
ment of Commercial and Service electronic 
equipments, and should be capable of carrying 
a project through on their own initiative. Salary 


according to _ qualifications and experience. 
Staff Pension Scheme. Apply Personnel 7a 
2346 


AN ATTRACTIVE future offered to a Senior 
Electronic Engineer in young and rapidly expand- 
ing Organisation. Essentials are good technical 
education and wide experience, together with 
the ability to ‘get things done.’ All replies 
answered and treated as confidential. Rivlin 
Instruments Ltd., 7a Maitland Park Villas. 
London, N.W.3. W 1117 


AN OPPORTUNITY occurs in _ progressive 
manufacturing concern in London area for 
Engineer aged 25/35 with electrical or physicist 
Yegree, On development and research work on 
high frequency telecommunication cable and 
associated testing equipment. Salary will be 
commensurate with qualifications and experi- 
ae ceed giving full particulars to Box No. 





APPLICATIONS are invited 
Planning Engineers, tool design draughtsmen 
and checker-draughtsmen. Applicants should 
have served a sound engineering apprentice- 
ship and have had experience of production 
planning, press tool, jig and fixture design in 
the light mechanical and _ electro-mechanical 
engineering fields. Men between the age of 
45 and 60 will be considered for the vacancies 
of checker-draughtsmen. These vacancies. 
which are caused by normal expansion of 
company business, offer attractive opportuni- 
ties to keen and energetic men of good ex- 
perience and qualifications who are capab'e of 
dealing with a varied class of work. Excel- 
lent commencing salaries will be paid to the 


from Senior 


selected candidates. Please reply, giving 
details of age, qualifications and experience to 
Box No. W 2348. 


APPLICATIONS are invited from suitably quali- 
fied persons for a Senior position in the Tech- 
nical Department of a lamp manufacturing orga- 
nization. After an initial training period in the 
London area of approximately nine months, 
the successful applicant will be responsible for 
technical liaison between a factory in the 
Manchester area and the Technical department 
and development laboratories in London. The 
work calls for high technical proficiency com- 
bined with considerable administrative ability 
Candidates should have a University Degree or 
equivalent and p-eferably some experience either 
in the discharge lamp or in the General Vacuum 
physics field. Apnlications should be made to 
oe Rg ay Officer, Osram-G.E.C. Lamp 

‘orks, 





Brook Green, Hammersmith, W.6. 
W 2335 


ASSISTANT CHIEF ENGINEER required for 
design and development 


of radio and elec- 


ELECTRONIC ENGINEERING 


tronic components. Technical qualifications 
plus executive ability essential. Commencing 
salary dependent on qualifications and ex- 
perience. A Pension Scheme is in operation. 
Apply in writing to Carr Fastener Company 
Limited, Stapleford, Nottingham. W 1106 


A.T. & E. (BRIDGENORTH) LTD., have 
vacancies for Senior and Junior Electronic 
Engineers for (a) Production Testing and (b) 
Development of Production Test Gear. The 
work which is in a field of radio telecommuni- 
cations is varied and interesting. Five-day week, 
good conditions. Apply in writing giving details 
of training and experience to Personnel Officer 
at Bridgenorth. W 2342 


BIRMINGHAM CHARTERED PATENT 
AGENTS require the services of a qualified 
man trained in Electronics and Dynamics. Ex- 
cellent prospects. Send particulars of train- 
ing and career to Box No. W 71. 


BUSH RADIO LTD., have a number of 
vacancies in their expanding laboratories at 
London and Plymouth. Applicants for posts 
(a) and (b) should preferably hold a B.Sc., or 
equivalent qualification in Physics or Engineer- 
ing. (a) Research and Development Engineers 
and Junior Development Engineers for work 
in new television and circuit fields. Applicants 
should have interests and preferably experience 
in:—Telecommunications, television, network 
analysis, feedback, pulse techniques, optics. 
(b) Junior Development Engineers for inter- 
esting work on Government contracts. Ex- 
perience in any of the following fields would 
be an advantage:—Video amplifiers, feedback, 
pulse techniques, microwave techniques. (c) 
Development Engineers to initiate design and 
engineering layout of domestic radio receivers. 
Experience of design of domestic radio 
receivers, and familiarity with working with 
drawing office and production departments, 
are required. Good prospects, pension scheme. 
Interviews in London or Plymouth. Write 
giving full details and salary required to the 
Chief Engineer, Bush Radio Ltd., Power Road, 
Chiswick, W.4. W 2229 


CHEMIST, age 25-40 required, with experience 
in the production of oxide coated cathodes for 
valves. Applicants must have had several years’ 
experience in the valve industry. The post 
offers excellent opportunities for engaging in 
the development and pilot plant production of 
new types of valves. Apply Box No. W 2333. 


COSTAIN-JOHN BROWN LTD., require for 
the instrumentation Division several engineers, 
aged 25-35, for interesting work on the applica- 
tion of process control instruments. Experience 
in this field is desirable, but not essential. 
Applications are invited for mechanical engineers 
and from electrical engineers with experience in 
electronics and/or servos. Candidates must ho!'d 
a Degree or near equivalent, and should be 
prepared to travel. Good salary and non-con- 
tributory Pension Scheme. Apply to Personnel 
Manager, Costain-John Brown Ltd., 73 South 
Audley Street, London, W.1. W 2378 


DESIGNER DRAUGHTSMAN required to 
join team of development engineers engaged 
in design of electro-mechanical and electronic 
instruments and equipment. Applicants should 
possess H.N.C. or equivalent. A knowledge 
of the principles of kinematics, modern elec- 
tronic constructional techniques, an 
acquaintance with the standards of RCS 1 000 
are desirable. This is an excellent oppor- 
tunity for a man with energy and _ initiative 
to join a small but expanding organization. 
Starting salary £550-£750 per annum 
depending on qualifications and experience. 
Applications, giving details of education and 
experience, should be addressed to: — Chief 
Development Engineer, Sanders (Elec- 
tronics) Ltd., Stevenage, Herts. W 1109 


DEVELOPMENT ENGINEERS required for 
Research and Development work on Cold- 
Cathode Tubes. Applicants should preferably 
have had experience in the Valve or Lamp 
industry, or on closely related work. A Science 
Degree, Engineering Degree. or a_ similar 
qualification would be helpful. An attractive 
salary is offered in accordance with experience, 
ability and qualifications. Please write. giving 
details to the Personnel Officer, Ericsson Tele- 
phones L'mited, Beeston, Nottingham. 
(Reference LK/3.). W 2206 


DRAUGHTSMAN, SENIOR, DESIGN. Good 
salary and prospects for first-class man. Apply 
in confidence stating experience, age. salary 
required, or telephone Wembley 1200 _ for 
appointment. Goodmans Industries Ltd. 
Axiom Works, Wembley. W 1110 
DRAUGHTSMEN. Openings will arise in the 
immediate future for a number of Senior 
Design draughtsmen, draughtsmen and detail- 








ers who desire to progress in electronic en- 
gineering, as applied in the rapidly expanding 
field of VHF and UHF radio communications 
equipment. Pension Scheme, good salaries, 
and excellent conditions, at newly developed 
works and laboratories in the South West 
Middlesex area. Own staff informed. Please 
write giving full particulars of experience, 
qualifications, and when available to Box No. 


DRAUGHTSMEN. Vacancies for Designer. 
Draughtsman and Detail Draughtsman with ex- 
perience of light mechanisms or instrument 
work. Modern factory in Surrey area.  Five- 
day week, canteen, pension scheme. Box No. 
W. 1116. 


DRAUGHTSMEN: Vacancies’ for ___ senior 
draughtsmen with experience of Electronic 
and/or Electro-mechanical engineering required, 
preferably with experience of Ministry require- 
ments. Excellent prospects with good commenc- 
ing salaries; non-contributory Pension Scheme 
in operation. Applications will be treated in 
strict confidence and should give full chrono- 
logical details of qualifications, experience and 
age to: John A. Smith Ltd., 24 Lichfield Street, 
Weteuchangton. W 201 


EDISON SWAN ELECTRIC COMPANY 
LTD., have a vacancy for an Engineer ex- 
perienced in mechanical and electronic design 
to take charge of their Special Products 
Development Laboratory. Ediswan also require 
Engineers with experience in the fields of electro- 
medical and industrial electronics design. Please 
write to 155 Charing Cross Road, W.C.2, 
stating experience and salary required. The 
envelope should be marked ‘‘ S P. Lab.’’ W 2352 


ELECTRICAL DESIGN ENGINEER required 
for development work on automatic machinery. 
Engineering Degree or H.N.C. Sound know- 
ledge of control circuits, small motors and 
electronic controls. This post offers considerable 
scope for progress in interesting new develop- 
ments. Location Birmingham area. State salary 
required, age and full details of qualifications 
and experience to Box No. W 2336. 


ELECTRICAL ENGINEER, age 25-30, with good 
Degree, preferably some experience in research 
or development laboratory, is required for work 
on the application of electronic techniques to 
industrial measurement and control. This post 
is permanent, pensionable and offers good pros- 
pects. Apply in writing, giving full chrono- 
logical details of qualifications and experience, 
together with age and salary required, to Tube 
Investments Ltd., Department of Development 
& Research, Plume Street, Aston, Birmingham 
6, quoting Ref. F.2. W 1078 


ELECTRICAL ENGINEER, aged 25 to 30, with 
good Degree, preferably some experience in 
research or development laboratory, is required 
for work on the application of electronic tech- 
niques to industrial measurement and control. 
This post is permanent, sionable and offers 
good prospects. Apply in writing, giving full 
chronological details of qualifications and ex- 
perience, together with age and salary required. 
to Tube Investments Ltd., Dept. of Develop- 


ment and Research, Plume Street, Aston, 
Birmingham, 6, quoting Ref. F.2. W 1093 
ELECTRICAL ENGINEER (aged 25-35) 


required by East London Plastic Moulders of 

well-known Building Trade Components. Must 

be highly experienced in maintaining and ser- 

vicing Radio-frequency Pre-heaters. as used in 

Plastic Industry. Give full details of expe-ience, 

present employment and_ salary. Box No. 
38 


ELECTRICAL ENGINEERS. Junior Technical 
Engineers required for development, application 
and pre-production of thermionic valves. 
Minimum desirable _qualification, ONC, 
inter B.Sc., or equivalent. Write to Per- 
sonnel Department, _The M.O. Valve Co., 
Ltd., Brook Green, Hammersmith, as 


ELECTRONIC ENGINEER required for the 
Research Laboratory of The English Electvic 
Valve Co., at Chelmsford. App'icants should 
have a Science Degree or equivalent qualifica- 
tions, together with considerable experience in 
the design of circuits for experimental Tele- 
vision and radar equipment. Apply giving details 
of qualifications, experience and salary required 


to Central Personnel Services, The English 
Electric Co. Ltd., 336/7 Strand, iota 


W.C.2, quoting ref. 440F. 





CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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PI ir Blowers chose 
for the de Havill 






type 3PLI81-H biow2. 
AM. Type 13, Stores Ref : 
5UD/6204 


You are invited to 


write for full specifications 





and performance curves of the 
wide range of Plannair Axial Flow 
Blowers designed for a variety 


of airborne, marine and 







type 2PL81-H blower 
A.M. Type 12A, Stores Ref 
5UD/6205 


ground applications. 


FOR THE WORLDS FINEST AIRCRAFT 







PLANNAIR LIMITED WINDFIELD HOUSE LEATHERHEAD SURREY TEL LEATHERHEAD 4091/2231 


TELEGRAMS & CABLES: PLANNAIR LEATHERHEAD FACTORY: GOBLIN WORKS LEATHERHEAD 


4807 


* specialists in 
Rubber and 
Synthetic Rubber 
Mouldings 








for Industry... 












Manufacturers of Rubber Parts for 


*“Zrotriypes to Bulk Production ROLLSROYCE +7 


PRECISION RUBBERS LTD’ - BAGWORTH ~- __LEICESTERSHIRE Telephone : BAGWORTH 241/2 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion -% Vacancies omer, 1952. 





ELECTRONIC DIGITAL COMPUTORS. Elec- 
tronics Engineers with an interest in mathe- 
matics are required by English Electric to work 
on fault diagnosis and maintenance of advanced 
digital computors, in the London area. Please 
reply to Dept. C.P.S., 336/7, Strand, W.C.2, 
quoting ref 1353. W 2343 


ELECTRONIC DIGITAL COMPUTORS. 
Mathematicians with first or second class 
Honours Degrees are invited to apply for 
vacancies in the English Electric team at present 
working in collaboration with the National 
Physical Laboratories at Teddington in the 
design and operation of advanced and electronic 
computors. Please reply to Dept. C.P.S., 336/7 


Strand, W.C.2, quoting ref. 1352. W 2344 


ELECTRONIC ENGINEER required for 





in- 


teresting work mainly on Video Amplifier 
Development. A Degree or N.C. an ad- 
vantage. Superannuation scheme. App'y 


giving full details to Personnel Department (SP) 
E.MI. Ltd., Blyth Road, Hayes, err. 


ELECTRONIC ENGINEER “required by large 
telecommunication engineering works in 
London area for development work on Tran- 
sistor Circuits. Previous experience of tran- 
sistors not essential, but applicants should have 
a Degree or similar qualification. Some know- 
ledge of pulse techniques -. ne. Start- 
ing salary between £600 and £1,100 per annum 
depending upon experience a qualifications. 
agg = 7 wee Pension Scheme. Box 
io. 


ELECTRONIC ENGINEER. Applications are 
invited from men preferably between 28 and 
35 years of age, for an appointment with a 
large firm in connexion with applied nuclear 
energy engineering research and development. 
Applicants must have an Honours Degree in 
electrical engineering with experience in light 
electrical engineering and/or electronics with 
about six years’ —— in industry, and be 
familiar with or have a working knowledge 
of electrical control gear and instrumentation. 
A knowledge of servo mechanisms and their 
application would be an advantage but is not 
essential. Salary would’ be comparable with 
that paid by the Civil Service, London rate, 
the grading depending on age and experience. 
Apply in the first instance to Box No. W 2251. 


ELECTRONIC ENGINEER required by 
capacitor manufacturers (East London) for 
development work on test instruments and 


electrical research. Opportunity for young 
engineer with some years’ experience. Write 
Box No. W 1104. 


ELECTRONIC ENGINEER required by large 
company in S.W. London. Age 25-35 and pre- 
ferably O.N.C. standard. Applicant must have 
had experience in building and servicing factory 
test equipment and have some knowledge of 
proprietary electronic equipment. The position 
is pensionable. Write giving —> of e, 
experience and salary required to Box 796, ole. 

J King & Son, 150 Fleet Street, London, 
E.C.4. W 2392 


ELECTRONIC ENGINEERS, aged 23 upwards, 
having H.N.C. or equivalent qualification, 
required by Electronic Instruments, Ltd., 
Richmond, Surrey. Written applications only 
in first instance. W 199 
ELECTRONIC TECHNICAL ASSISTANT 
required for the construction of specialized 
apparatus and imstruments for vibration 
laboratory. Must be capable of working from 
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circuit diagrams and should have had some 
Service or Civilian experience in similar fields. 
Please write stating age and — full details 
of previous experience to the Personnel Officer, 
The De Havilland Engine Co., Ltd., Stag 
Lane, Edgware, Middlesex. W 2328 


ELECTRONIC TEST EQUIPMENT ENGIN- 
EERS required by large reputable electronic 
and radar manufacturing company to operate a 
new factory in the South. Vacancies exist for: 
A. Experienced Circuit Checker and routiner 
Designers. B. Radar production test gear 
Designers. (C. Microwave component test gear 
Designers. Applicants must have had previous 
experience in a similar position. Superannuation 
and housing facilities will be available. Salary 
commensurate with ability. State full experience 
and age to Box No. 6. 


ELECTRONICS ENGINEER required to handle 
design and development of industrial and special 
purpose electronics equipment. Qualifications and 
experience must be up to A. .E.E. standard. 
Permanent, progressive position with non-con- 
tributory pension plan in operation. Salary 
according to age and experience. Apply in writ- 
ing to Personnel Department, Kodak, Weald- 
stone, Middlesex. W 2364 


ELECTRONICS ENGINEER required with ex- 
perience in Microwave Design and development. 
Salary according to qualifications. Write, Micro- 
wave Instruments Limited, West Chirton Indus- 
trial Estate, North Shields, omen 5° 


ELECTRONICS SENIOR ENGINEER required 
for design and development of electronic and 
telecommuniication equipment. Applicants must 
be suitably qualified, with Pui det experience 
in this field. Good salary. ll details to Per- 
Vidor-B t Limited, a 





sonnel M: 
Kent. 


ENGINEER required for Technical staff of 
Scottish Council (Development and Industry). 
Work includes assistance to imquirers (such as 
firms, Local Authorities), attraction of plant 
investment to Scotland; development of new 
industrial projects. Degree or equivalent re- 
quired: industrial experience desirable. Age pre- 
ferably under 40. Salary in the range £900 to 
£1,200; superannuation scheme. Apply with par- 
ticulars of qualifications and experience to the 


Secretary, Scottish Council (Development and 
Industry), 1 Castle Street, Edinburgh, 2, mark- 
ing envelope ‘‘ Technical. ’ W 2338 


ENGINEERS AND ASSISTANTS required for 
responsible trials work at Feltham, Middlesex, 
and West Wales, on Guided Weapons. Good 
general scientific education up to ee stan- 
dard desirable. Enthusiasm for this interesting 
but often arduous work essential. A fair amount 
of travel may be involved. Preference given to 
candidates who have previously held respon- 
sibility for test and repair of electro-mechanical 
and electronic devices. Apply with full details, 
including salary, quoting No. 1492 to Personnel 
Manager, Sperry Gyroscope Co. Ltd., Great 
West Road, Brentford, Middlesex. W 2377 


ERICSSON TELEPHONES LTD.., have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engin- 
eers to work on _ nucleonic instruments, 
and ~~ interesting new devel nts in 
electronic | computing and switching; both 
senior and” junior posts are available. Appli- 
cants should have a degree or equivalent plus 
several years’ experience of appropriate work 
for the senior posts; correspondingly reduced 
qualifications and experience will be accepted 
for junior posts. Salaries will be in accordance 
with age, qualifications and experience. Appli- 
cations, giving details of age, academic or 
other training and qualifications, experience, 
and starting cotary con soquies. | should be sent to 
the Personnel Ericsson lephones 
Ltd., Beeston, Nottingham. W 197 


EXPERIENCED Radio Testers and_ Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirer and assemblers for Factory Test ae 
tus. Apply Personnel Manager, E. K. 

Ltd., Ekco Works, Malmesbury, Wilts. W 146 


FERGUSON RADIO CORPORATION 
LTD., have vacancies for: Senior Engineers 
with initiative and sound technical back- 
ground for work on a wide range of projects 
in the field of Electronics including Television, 
Radio Communications and Test Equipment. 
Permanent posts for men able to carry 
responsibility in = ged expanding departments 
offering exceptiona romotion and long-term 
prospects. Junior TEngineers of ability for 
work on Development projects offering a wide 
experience in the fields of Television, Radio 
Communications and Test Equipment with 


excellent prospects for advancement. Vacancies 
exist in laboratories situated at both Enfield and 
Spennymoor, Co. Durham. ese laboratories 
are well uipped and working conditions ex- 
cellent. uccessful applicants eligible for 
Company’s Pension and Life Assurance Scheme. 
Applications specifying the post for which 
application is made and giving full particu- 
lars as to age, qualifications and experience, 
etc. to: Personnel Manager, Ferguson Radio 
Corporation Ltd., Great Cambridge Road, 
Enfield. 2353 


FERRANTI LTD., (Computor Department) 
Moston, Manchester, have the following 
vacancies. (1) Senior Engineers for Research 
and Development work on large-scale electronic 
computing equipment. Previous research or 
development experience in electronics or with 
electromechanical devices is essential and candi- 
dates should preferably possess a first- or good 
second-class Honours degree in_ Electronic 
Engineering. Reference DCSE. (2) Engineers of 
approximately graduate status to be trained for 
maintenance of computing equipment. Experi- 
ence in the servicing of large electronic equip- 
ments such as radar systems would be an 
advantage. On completion of training these 
engineers would have a considerable degree of 
responsibility away from the factory and_ there 
might be opportunity for overseas work. Refer- 
ence DCME. Permanent staff = with 

nsion benefits. Application from Mr. 
ry Lunt, Staff Manager, Ferranti Ltd., 
Hollinwacd, Lancs. Please quote appropriate 
reference. W 2375 


FIRM of consulting Geophysicists have open- 
ings for young electronic engineers, preferably 
single, on oil prospecting parties Overseas. 
Commencing salary £50 per month plus allow- 
ances depending upon area of operations. Free 
accommodation and messing rovided when 
serving abroad. Qualifications Higher National 
or C. & G. Certificates in Electrical Engineer- 
ing or Telecommunications. Pension fund. 
Apply giving particulars of experience to Box 
No. W 1119. 


GRADUATES with Honours Degrees in Physics 
or in Electrical Engineering are required by the 
British Thomson-Houston Company, Rugby, for 
research in the field of magnetron development; 
some knowledge radar is desirable. Applicants 
should write to the Director of Research giving 


their age, ee and college, quoting 
reference DR. W 2362. 
GUIDED WEAPONS. Vickers-Armstrong 


Limited, Weybridge, has vacancies for suitably 
ualified Senior and Junior Technicians, 
ngineers, Craftsmen in the Electronics, Elec- 
trical and Mechanical sections of the Guided 
Missiles field of research and development. 
Applications should be made to the Employ- 
ment Manager, Vickers-Armstrong Limited. 
Weybridge Works, Weybridge, Surrey. W 2367 


JUNIOR DRAUGHTSMAN required _ to 
join team of engineers engaged in the design 
and development of Microwave and Radar 
equipment. This is a good opportunity for an 
energetic and keen young man to obtain ad- 
vancement in a small but expanding organi- 
zation. Starting salary £7 to £10 per week 
depending on qualifications and experience 
Applications, giving details of education and 


experience, should addressed to: 
Development Engineer, W. . Sanders 
(Electronics) Ltd., Stevenage, Herts. W 1108 





JUNIOR ENGINEERS required with qualifi- 
cations up to H.N.C. standard for work in 
connexion with precision electrical apparatus. 
It is essential that applicants should have had 
previous industrial design and development ex- 
perience. Excellent opportunities for advance- 
ment. Usual staff privileges available. London 
area. Please reply, giving full details to Box 
No. W 2350. 





KELVIN AND HUGHES LTD., Barkingside, 
Essex, have vacancies for Research Engineers 
for experimental work relating to underwater 
sound apparatus. Applicants should be of 
Degree standard and should have a sound 
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Although designed for Ionization Current measurements, this instrument solves 
many problems involving the measurement of very minute direct 

currents and voltages, including those associated with pH measurements. 

It replaces all forms of valve electrometers, having outstandingly good zero 
stability. In place of the usual D.C. amplifier, the applied D.C. is converted into 
A.C. by means of a vibrating condenser, then passed to a high-stability negative 
feedback amplifier whose output is rectified and measured. Direct indication 

of the applied voltage is given on a built-in meter; provision is also made for 
operating an external recorder. The complete instrument comprises two units, 
the Electrometer Head and the Indicator Unit, interconnected by cables which can be 
up to 200 ft. in length. 

This instrument was designed in association with the British Atomic 

Energy Research Establishment. 
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Specification 
4 Ranges: 0-30, 0-100, 0-300, 0-1000 Input: 3 switched resistors, 100 megohms, 
millivolts. 10,000 megohms, 1 million megohms. 
Sensitivity: At maximum sensitivity thein- Output: Unit will operate a 1 mA or 100omV 
strument gives F.S.D. for 0.03 __. recorder. 
micro-micro-amps. External 6.3V 0.3A and 200v 5mA available for 
Accuracy: Of the order of + 5% supplies: operating external equipment. Compart- 
Stability: Day to day, + 1 millivolt ment provided for 90V battery for 
polarizing ion chambers. 


Please write for the complete catalogue of Ekco electronic and 
nucleonic equipment 


ot EKGO electronics 


@EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vaumncies Order. 1952 


knowledge of communications, in particular 
electronics. Applications stating salary 
required should be addressed to the Personnel 
Manager. W 2292 


KELVIN AND HUGHES LTD., Barkingside, 
Essex, have vacancies for Technical Assistants 
for development of electro-mechanical and 
electronic instruments (Marine). Work in- 
volves initial experiments, sea-going trials, pre- 
roduction models and_ factory liaison. 
ccasional visits Overseas afe arranged. 
Qualifications:—Practical: five years workshop 
or drawing ice experience. Academic: City 
and Guilds Telecommunications Final Group 
Certificate, or equivalent. Applications, stating 


salary required should be addressed to the Per- 
sonnel Manager. W 2293 
KENT EDUCATION COMMITTEE. Med- 


way College of Technology required September, 
or as soon after as possible. Assistant Lec- 
turer (Grade B) in Telecommunications and 
Radio Engineering. Applicants should be 
graduates or similarly qualified to teach to the 
Standard of the City and Guilds Telecom- 
munication Engineering and the Radio and 
Television Servicing Certificates, and must have 
had sound industrial experience. Previous 
teaching experience is desirable but not essen- 


tial. Salary in accordance with Burnham Tech- 
nical Scales 1954 which have not yet been 
published. The existing Grade B Scale is 


£490 x £25 basic with additions for approved 
qualifications, training and experience. Oppor- 
tunity for extra paid evening teaching. Forms 
of application from the Registrar to be re- 
turned to him as soon as possible, at Med- 
way College of Technology, Horsted, a. 


LABORATORY ASSISTANT required for 
interesting and varied work, involving acoustic 
and vibration measurements, use of strain 
gauges, pyrometry, and the development, 
application and servicing of electronic equip- 
ment as applied to the testing of steam and gas 
turbines, gears, alternators, etc. Practical ex- 
perience of electronic equipment, and completion 
of National Service, if age under 26, essential. 
H.N.C. and engineering experience an advant- 
age. Staff Pension Scheme. Apply, stating ex- 
perience, age and salary required to_ the 
Secretary, W. H. Allen Sons & Co., Ltd., 
Queens Engineering Works, Bradford. W 2351 


LOUDSPEAKER DEVELOPMENT ENGIN- 
EER to work in extremely well equipped 
laboratory. Good prospects for man _ with 
creative ability. State experience, age, salary 
required, or telephone 1200 for appointment. 


Replies treated confidentially. Goodmans 
Industries Ltd., Axiom Works, TT aa 


McMICHAEL RADIO LTD.. require Senior 
and Junior Engineers in their equipment 
division laboratory at Slo Training and 
experience in the field of applied electronics 
(including commun‘cations) and experience of 
working with Government Departments are the 
chief qualifications required. Write stating age 
and full details of training, qualifications and 
experience to the Chief Engineer, Soepmont 
Division, McMichael Radio Ltd., Slough. 
Bucks. W 157 


MECHANICAL DEVELOPMENT ENGINEER 
required for work on varied and _ interesting 
rojects. Applicants should be of Degree or 
-N.C. standard with experience of camera, 
light servo-mechanisms or _  electromechanics 
design. Good prospects with progressive firm 
in Surrey area. Five-day week, canteen, pen- 
sion scheme. Apply with full details of pre- 
vious experience to Box No. W 1127. 


MICROPHONE DEVELOPMENT ENGIN- 
EER to work in extremely well equipped 
laboratory. Salary according to experience. 
Good prospects for man, with creative ability. 
Write in confidence stati age, salary re- 
quired, experience, or telephone Wembley 
1200 for appointment. Goodmans Industries. 
Ltd., Axiom Works, Wembley. W 1112 


MULLARD RESEARCH LABORATORIES 
require Graduate Engineers or Physicists with 
circuit experience, to carry out research into the 
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application of transistors and semiconductor 


devices. Initially the work will be concerned 
with high frequency junction transistors and 
power junction transistors. The fields of 


application will include Computors, Television 
and Communication Systems and experience in 
one of these fields will be an advantage. The 
work calls for high degree of individual respon- 
sibility and there is a great scope for initiative 
and inventiveness. Salaries are based on 
qualifications, experience and age, and are in 
keeping with present-day levels. General pros- 
pects within the organization are excellent. 
Apply to Personnel Manager, Mullard Research 
Laboratories, Cross Oak Lane, Salfords, near 
Redhill, Surrey, quoting reference iy 2308 


OLD ESTABLISHED BRITISH COMPANY in 
Far East requires the services of a Technical 
Sales Assistant. Candidates should preferably 
be between the ages of 23-27, of good educa- 
tion and have a general knowledge of some 
of the following: (a) Broadcast and Telecom- 


munications Equipment; (b) Television; (c) 
Cinema Equipment; (d) Light Electrical 
Engineering. Sales experience an advantage. 


Write in confidence to Box JN/159 _. see 
Bishopsgate, E.C.2. 


PYE LIMITED require experienced Develop- 
ment Engineers for radio receiver development 
in Cambridge. Salaries in the range of £ 

to £800 according to qualifications. 
Personnel Department, Pye Ltd., St. 
Road, Cambridge. W 2187 


RESEARCH AND DESIGN ENGINEERS re- 
quired for very interesting new projects. Know- 
ledge of one or more of the following subjects 
preferable: (1) Analogue Computors, (2) Servos 
and Control Systems‘including eedback amplifiers 
(3) Instrument type Electrical Machines, (4) 
Mechanical Instruments, (5) Industrial Electrical 
M of and large output. A 
University Degree or equivalent is a necessary 
qualification. For some senior appointments, 
practical experience of design development or 
research in some of the above subjects is an 
essential additional qualification. Please send 
full details of education, experience and salary 
required to : The Secretary, Laurence, Scott & 
Electromotors Ltd., Gothic Works, Bere 





RESEARCH & DEVELOPMENT ENGINEERS 
are required by British Telecommunications 
Research Ltd., a company associated with the 
Automatic Telephone & Electric Co., Ltd., 
and British Insulated Callender’s Cables Ltd. 
for work on long term development projects 
in the following fields:—{a) ide-band line 
communication systems; (b) Microwave radio 
systems; (c) Point-to-point television trans- 
mission systems; (d) easuring and testing 
ent for the above. Attractive posts are 
offered to qualified engineers with experience 
in any of the above fields, and further vacan- 
cies exist for junior engineers and technical 
assistants. The Company operates a _ super- 
annuation scheme, and offers attractive working 
conditions with generous holiday and leave 
arrangements and good social and recreational 
facilities. All applications will be dealt with 
in confidence and should be addressed to the 
Executive Director, British Telecommunications 
Research Ltd., Taplow Court, Taplow, Faas 


SALES ENGINEER required for London office 
of the equipment division of Mullard Ltd. 
Candidates should ~¢ previous experience 
preferably of H.F. and V.H.F. Communication 
equipment. Permanent and pensionable appoint- 





ment. Write giving age, and full details of 
education, training, previous experience and 
salary required to the Personnel Officer, Mullard 
Ltd., Century House, Shaftesbury Avenue, 
London, W.C.2. W 2337 
SENIOR AND JUNIOR DESIGN 
DRAUGHTSMEN required for interesting 


work in connexion with electronic equipment, 
commercial radio and television and/or light 
electro-mechanical engineering. London area. 
The positions vacant offer ample scope and 
opportunity for future advancement to men 
of good ability. A high salary will be paid 
to the selected candidates. All recognized staff 
privileges available. Please reply, giving full 
details of experience to Box No. W 2349. 








SENIOR AND JUNIOR ENGINEERS required 
for research and development work on magnetic 
amplifiers, transistors and electronics, with par- 
ticular reference to aircraft and guided weapon 
applications. Full particulars of qualifications, 


experience and salary required to Box No. 
W 1114. 
SENIOR DEVELOPMENT ENGINEERS. 


Vacancies exist in the outer London area for 
Senior Development Engineers to work on the 
study, development and engineering of photo- 
type electronic equipment involving considerable 
mechanical appliances on digital computing, 
measuring equipment, atomic control and G.W. 
operational equipment. These posts are pen- 
sionable and offer considerable future prospects. 
Applications should be sent in confidence to 
Box No. W 2324. 


SENIOR DEVELOPMENT ENGINEERS tre- 
quired by large electronic Company in N. 
London area, for radar communications, tele- 
vision and instruments projects in their develop- 
ment division. Engineering Degree, or equiva- 
lent professional qualifications. Experience in 
developing to Government and other specifica- 
tions and directing work of development 
engineers. Salary scale up to £1,500 p.a. 
acording to experience. Accommodation avail- 
able. Write Box No. W 2406. 


SENIOR ENGINEER wie RK with obs 
National Certificate, A.M.I.E.E., A.M.I 
Mech.E., or equivalent, required. by The 
English Electric Co. Ltd., Luton. Knowledge 
of servo systems, hydraulics, electronics, gyro- 
scopes and airframes required. Should prefer- 
ably have had experience as Chief Inspector or 
Deputy Chief Inspector with A.I.D. approval. 
Apply to Department cae 336/7 Strand, 
W.C.2, quoting Ref. 135 W 2385 


SENIOR PHYSICISTS AND ENGINEERS 
are invited to write to the Research Director 
of Decca Radar Limited, regarding the oppor- 
tunities which exist in this company owing to 
the continual expansion of its activities in the 
field of navigational aids and communication. 
Senior posts available are on a very substan- 
tial salary scale and there are excellent pros- 
pects of higher appointment for men of proven 
ability. British nationality is essential. A 
Pension Scheme is in operation. Letters giving 
full personal data should be addressed to the 
Research Director, Decca Radar Limited, 2 
Tolworth Rise, Surbiton, quoting reference 
RLA/47. W 2327 


SERVOMECHANISMS ENGINEER required by 
Gloucestershire firm for theoretical work on 
aircraft automatic control systems. Good 
Honours Degree and sound experience necessary. 
Apply Box No. W 2374, 


SHORT BROTHERS AND HARLAND 
LIMITED have vacancies in their Research 
Department for the following additional staff 
to work on guided Missiles and other interesting 
military and commercial =e: _ Mechanical 
Section: Senior E s and 
Technical Assistants to develop hydraulic and 
pneumatic servos, precision mechanical 
devices, etc. Electronics Section: Senior 

Engi s and T 1 Assistants 
to “work | on computing, navigational and servo 
systems. Electro-mechanical Section: Engin- 
eers and Technical Assistants to develop 
small electro-magnetic devices, navigational 
instruments, etc. Qualifications: Senior 
Engineers. Honours Degree plus at least 5 years’ 
good engineering development experience. 
Engineers: University Degree or equivalent 
with several years’ experience of development 
work. Technical Assistants: H.N.C. or 
equivalent, with good practical experience in 
appropriate _ field. These are permanent 
positions in an expanding organization. Good 
salaries and prospects for men with initiative; 
Pension scheme; assistance with housing. Send 
full particulars of age, qualifications and ex- 








perience, with salary required to Short 
Brothers and Harland Limited, Castlereagh 
Factory, Belfast, quoting Ref. No. ay 2945 
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‘of OSCILLOSCOPE D 300 and AMPLIFIER Tailored for use with the oscilloscope 
Sie: CA 411 and built to the same standard, this 


.ND COMBINED SPECIFICATION new amplifier enables 1 volt signals to 

arch ; ‘ oe hus 

staff Bandwidth: > c/s-5 Mc/s (6 db - 90. be displayed from 2 c/s-5 Mc/s, t 
om ye tai Joni iP extending the use of the oscilloscope to 


ical Input Impedance : 1 megohm shunted by 30 pf. 

Pos ee eo television and video applications. In 

or SPECIFICATION for AMPLIFIER CA 411 Addition it has a high gain position 

an Bandwidth : 2 c/s-5 Mc/s (3 db) on gains of 3,10 SDS # commitand: apualtivity of 30 
millivolts for measurement of hum 


lop and 30. : 
a Input Impedance : 1 megohm shunted by 30 pf. levels. It can also be used as a straight 
H.F. amplifier for increasing the out- 


ce. Mains Input : 200-250 volts 50 c/s. Consumption 
ent : 100 V.A. put from oscillators, H.F. signal 
in Dimensions : FMT RK 1G, generators, bridges, etc., and may also 


ood Weight : 20 Ib. U.K. Price: £55.. be used to increase trigger sensitivity. 
ive; 
end 
ex- For further details write to : Dept. E.2, 


ort 


h r 4 P 
ve SOLARPFROM EBLEGTROMIG GROUP LTD. 
Solartron Works, Queen’s Road, Thames Ditton, Surrey. 
| » Telephone : Emberbrook 5611. Cables : Solartron, Thames Ditton. 


COSTS UNDER OUR GUARANTEE HAVE NEVER EXCEEDED 0.2% OF SALES. 
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SITUATIONS VACANT (Cont’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








SHORT BROTHERS & HARLAND LTD., 
Belfast require a Laboratory Su ager for 
their Research Department. position in- 
volves responsibility for vesting gon 
supplies and services in the Laboratories; also 
control of Laboratory personnel. Candidates 
should possess organising ability, and be familiar 
with the running of a Laboratory or Work- 
shop. Experience in light electrical equipment 
or precision instruments essential. Considerable 
tenacity and drive necessary to co-ordinate and 
sustain action with external official bodies. This 
appointment is suitable for a retired officer of 
one of the Technical Branches of the Services. 
Assistance with housing, and with removal ex- 
penses. Send full details of 71 ee 
and experience, quoti ~ & Ref. 613/ST.App. to 
Staff Appointments O} Short Bros. and 
Harland Ltd., P.O. Sex "No. 241, Belfast. 

W 2386 


SIMMS MOTOR UNITS LTD., require a labora- 
tory assistant for research and development of 
electronic and _ electro-mechanical mechanisms 
associated with the commercial vehicle industry. 

C. or equivalent standard. Apply by letter 
Stating age, qualifications and experience to 
Personnel Manager, Simms Motor Units Ltd., 
Oak Lane, Finchley, N.2. W 1120 


SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT Limited have vacancies for 
qualified Electronic Engineers for Flight Trials 
work on guided missiles. Experience on 
electronic experimental work or Service ex- 
perience on radio or radar is essential. Age 
limits 27-38 years. Applications, giving par- 
ticulars of qualifications and experience, should 
be addressed to The Chief Engineer, Arma- 
ments Division, Sir . G. Armstrong Whit- 
worth Aircraft Ltd., Baginton, at. 


TECHNICAL ASSISTANT, Inter.B.Sc., or 
Higher National Certificate together with * some 
years’ experience in electronic circuitry, required 
. Research and Development Dept., near 
ay Please apply: Staff Manager, The Dis- 

rs Co. Ltd., 21 St. James’s Square, ook 
Quote Ref.: Res. 654. W 2379 


TECHNICAL OFFICERS (COMMUNI- 
CATIONS) required for Middle East service 
with large oil company. Applications are in- 
vited for the following Pos's from those with 
at least six years’ experience with a, Post 
Office or comparable organization. (1) Lines. 
Practical experience essential in installation and 
maintenance ot multi-channel carrier equip- 
ment. Additional knowledge of voice frequency 
telegraph equipment and/or small automatic 
telephone exchanges desirable. Knowledge of 
Radio Communications an advantage. Qualifi- 
cations must include C. Telecommuni- 
cations (Principles) 11 and line transmission 
1 or telegraphy 1 (2). Radio. Practical ex- 
perience in charge of installation and mainten- 
ance of radio equipment including M.F. and 
H.F. transmitters up to 1 KW and low power 
V.H.F. systems. Knowledge of line, tele- 
graph and telephone systems an advantage. 
Technically qualified at least to third year 
standard City and Guilds Telecommunications. 
Age limit for these vacancies is 35 and 
bachelors are preferred. owing to shortage of 
married accommodation. Pensionable emolu- 
ments from £900 (incremental) plus substan- 
ae a allowances and paid home leave with 

S. Write please, referring to either 
Po = “2) above and quoting No. 465 to Box 
No. 7856, c/o Charles Barker & , Ltd., 
31 Budge Row, London, E.C.4 W 2355 


TECHNICAL SALES REPRESENTATIVE. 
A leading firm of instrument manufacturers 
requires a Young Engineer to act as a Tech- 
nical Sales Representative. Applicants should 
be about 25 years of age, of good address, and 
should hold a National Certificate in Elect. 
Eng., or similar qualification. A knowledge of 
instrumentation is desirable. The successful 
applicant, will receive initial training at the 
company’s works in London. Commencing 
salary dependent on experience. Write Box 
No. W 2331. 


TECHNICAL WRITER with command of 
good English to create publicity material and 
deal with technical correspondencé. Apply in 
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confidence, stating age, salary required, ex- 
perience, or telephone Wembley 1200 for 
appointment. Goodmans Industries _ Ltd., 
Axiom Works, Wembley. W 1113 


TECHNOGRAPH PRINTED CIRCUITS LTD., 
32 Shaftesbury Avenue, London, requi:e the 
services of an experienced representative well 
introduced to the Electronic and Electrical In- 
dustries. Good salary to suitable man. Write 
to Sales Director as above. W 1115 


THE ELECTRONICS DEPARTMENT ot a 
large manufacturing Company requires enthu- 
siastic and experienced senior and junior elec- 
tronic and electro-mechanical engineers for new 
developments in internal and commercial instru- 
mentation work. The Company is situated in 
leasant countryside on the outskirts of 
olverhampton. A superannuation scheme is in 
operation. Initial salaries will be commensurate 
with ability and there are good opportunities 
for advancement. Box No. W 1122. 


THE ENGLISH ELECTRIC CO., LTD., 
Chelmsford, have vacancies for young Engin- 
eers to work on radio valve design and develop- 
ment. Applicants should be of Degree 
standard. Whi'st experience of this type of 
work is desirable, it is not essential and other- 
wise suitable candidates will be considered. 
Write giving full details quoting Ref. 497F 
to Central Personnel Services, The English 
Electric Co., Ltd., 336/7 Strand, London, 
wx, W 2356 


THE GENERAL ELECTRIC CO., LTD., 
Brown’s Lane, Coventry, require Senior and 
Junior E'ectronic Development Engineers for 
work on Guided Weapons and like projects, 
particularly in the field of Microwave and 
Pulse Applications. Mechanical Development 
Engineers, Designer Draughtsmen and 
Di aughtsmen, preferably with experience of 
Radar type equipments, also required for the 
above projects. Salary according to age, 
qualifications and experience. Apply by letter, 
stating age and experience to the Personnel 
Manager (Ref. R.G.). W 169 


THE R.Y. PICKERING GROUP OF COM- 
PANIES, which is considerably expanding its 
Electronic Division, has a vacancy for a 
Chief Electronic Engineer and invites appli- 
cations for this position. Applicants must 
possess a University Degree and have experi- 
ence in research, development and production 
of electronic and similar apparatus and some 
administrative experience is desirable. Salary 
in accordance with yey | experience 
and age will be upwards of £ per annum 
and certain amenities may = provided. The 
Post offers considerable scope, will be pro- 
gressive and will suit am engineer rather than 
a physicist. Further information will be given 
on request and applications in writing in the 
first instance should be made to the Mamaging 
Director, . ‘Pickering & Co. Ltd., 
Netherton Works, Wishaw, Lanarkshire, and 
will be treated in strict confidence. W 1121 


TRANSFORMER DESIGNER required for 
development projects involving audio-frequency 
power transformers, pulse tramsfomers, oil-fi'led 
units, etc. Apply stating age, qualifications and 
experience to the Personnel Manager (Ref 

R.G.), The General Electric Co., Ltd., Brown’s 
Lane, Allesley, Coventry. W 192 


TRANSISTORS. British Tabulating Machine 
Co., Letchworth, Herts, has a vacancy for an 
Honours Graduate 2 or physicist for 
research and development work on the use of 
transistors in pulse and switching circuits. 
Applicants should have experience of transistor 
circuit techniques and preferably pulse circuits 

as used in digital computing, radar, etc. Salary 
will be based on qualifications, age and experi- 
ence. Applications should be sent to the 
Personnel Officer, marked Ref. EE.248. and 
stating age, experience and training. W 1079 


UNICAM INSTRUMENTS invite applications 
from physicists for electronic research and 
development in the field of spectrophotometry. 
Write in the first instance to the Director of 
Research, Unican Instruments Ltd., Arbury 
Works, Cambridge. W 200 


VACANCY FOR JUNIOR TECHNICAL 
ENG Electronics Section. Qualifications: 
eens d ‘Honours Degree, specializing in 
lectronic Science; should have had reasonable 
practical experience in application to Engineer- 
ing problems and be able to devise and adapt 
equipment for specialized instrumentation pur- 
Poses to high speed mechanical problems asso- 
ciated with aero-engine application. Applications 
giving details of age, experience and qualifications 
should be addressed to The Personnel Manager, 
Bristol Aeroplane Company Limited, ¥ ine 
Division, Filton, Bristol. 332 





VACANCIES exist for Engineers on the design 
and development of small electro-mechanical and 
electronic components. Applicants should have 
H.N.C. or equivalent and experience in this 
field with the initiative and ability to progress 
designs up to production standard. The vacancies 
have excellent opportunities for men of good 
ability, an excellent salary will be paid to the 
selected applicants. Please reply, giving full 
details of qualifications and experience to Box 
No. W 2357. 





YOUNG SALES ENGINEER required for 
component sales division. Age limits 24/30. 
Qualifications equivalent to H.N.C. (Electrical). 
Selling or commercial experience desirable but 
not essential. Applicants must be willing to 
travel. Excellent pr cts. Write Personnel 
Manager, Telephone Manufacturing Co., Ltd,. 
Sevenoaks Way, St. Mary Cray, Kent. W 2354 





Further “‘Situations Vacant’’ advertisements 
appear in display form on pages 99, 115,119, 
r2r. 





SITUATIONS WANTED 





DESIGNER /DEVELOPMENT ENGINEER, 18 
years experience electro-medical, electrical and 
electronic equipment, scientific instruments. 
Ambitious to gain wider recognition for designs 
which are both technically sound and aesthetic- 
ally good. Seeks employer who can offer 
improved facilities, salary and prospects. Box 
No. W 1124. 

HONOURS GRADUATE, 30, Apprenticeship, 
some experience U.H.F., industrial Electronics, 
teaching seeks post with opportunities in the 
London area. Box No. W 1118. 


LECTURER, telecommunications, broadcasting, 
television. A.M.I. Long experience _lec- 
turing, design, etc., requires evening lecture 
work, London or Surrey. Box No.W 1105. 

YOUNG MAN, 25, married, with H.N.C. in 
electrical engineering seeks an interesting position 
at home or abroad where initiative and drive 
are essential. Available February Ist. 1955. 
Write Box 948, Arthur S. Dixon Ltd., 4 High 
Ho!born, W.C.1. W 2370 


EDUCATIONAL 








BOROUGH POLYTECHNIC, Borough Road, 
S.E.1. Crystal Valves and Transistors. A 
course of 10 lectures principally dealing with 
junction transistors will be given by specialists 
during afternoons, 3-5 p.m. or _ evenings 
7-9 p.m. on Tuesdays, commencing Tuesday. 
19th October, 1954. Fee for the course £2 2s. 
Fundamental principles of pulse techniques. A 
course of 20 lectures will be held on. Monday 
evenings 7-9 p.m., commencing Monday, 25th 
October, 1954. Fee for the course £3 3s. 0d. 

W 234! 





CITY & GUILDS (Electrical, etc.) on ‘‘ No 
Pass—No Fee’’ terms. Over 95 per cent 
successes. For full details of modern courses 
in all branches of Electrical Technology send 
for our 144-page handbook—Free and post 
free. B.IE.T. (Dept. 337C). 29. Wright’s 
Lane, London, W.8. W 142 


COUNTY BOROUGH OF BOLTON.—Edu- 
cation Committee. Bolton Technical College. 
Full-time course in Electronic “Engineering. A 
three-year full-time course in Electronic Ly 
eering is now available. Applicants should 

between 16 and 18, and have taken, or be 





CLASSIFIED ANNOUNCEMENTS 
continued on page 10 
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spectrometers, electron-microscopes, 
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ai 12 KV. —50 KV. Continuously variable. 
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a : From the Brandenburg range Teleonics | communications | Limited 
ht's of standard and specialized 
196 Dawes Road, London, S.W.6 Fulham 1534 


idu- radio frequency and low frequency 
high voltage equipment 
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EDUCATIONAL (Cont'd.) 





taking General Certificate at the Ordinary 
Level in Mathematics or Physics, or equivalent 
courses in technical institutions. This rapidly 
developing neem offers new and attractive 
Pp to men. Application forms 
ond particulars may be obtained from the 
Principal, Technical College, Bolton, Lan- 
cashire. 'W 3167 





FREE ete giving details of coursts in 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., City and Guilds, etc. Train 
with the Postal Training College operated by 
an Industrial Organisation. Moderate fees 
Dept. EE29, E.M.I. Institutes, London, = 
190 





LECTURERS BATTERSEA POLYTECHNIC, 
London, S.W.11. Electrical Engineering Depart- 
ment. A one year evening course comprising 
lectures, tutorials and practicals on Linear 
Servomechanisms by Mr. J. Lubbock, B.Sc. 
(Eng.) (Lond.), Mr. R. A. King, M.A., (Cantab.), 
under the direction of Dr. G. L. d’Ombrain, 
Ph.D., D.1.C., A.C.G.1., M-Am.1.E.E., M.1.E.E., 
Consultant and Head of Department. Com- 
mences on the 4th October at 7.0, p.m. and 
on successive Monday evenings through the 
session. Particulars and enrolment forms on 
application to the Department. W 2359 








THE POLYTECHNIC, Regent Street, London 

i Department of Mathematics and 
Phased: Advanced Electronics. The following 
series of lectures will be held on Fridays from 
7-8.30 p.m. commencing Ist October, 1954. 
A. Principles of Servomechanisms., Ist October 
to Sth November, 1954. B. Instrument Servo- 


forms should be made to the Head of the 
Department as early as possible. W 2334 


T.V. AND RADIO—A.M.Brit. I.R.E., City 
& Guilds, R.T.E.B. Certificate, etc., on ‘* No 
Pass—No Fee’ terms. Over 95 per cent suc- 
cesses. Details of Examinations and Home 
Training Courses in all branches of Radio and 
T.V. Write for 144-page handbook — Fret. 
B.I.E.T. (Dept. 337H), 29 Wrights Lane, Lon- 
don, W.8. 'W 187 


WANTED 





LANCASHIRE COUNTY COUNCIL. Ambu- 
lance Service Wireless System. Quotations are 
invited for:—1. The supply of Wireless equip- 
ment; A.C. automatic voltage stabilizers; auto- 
matically operated diesel-electric plants and self 
supporting steel aerial towers for the Lancashire 
County Ambulance Service wireless system. . 2. 
The installation of the above-mentioned equip- 
ment. 3. Maintenance of the equipment. Quota- 
tions may be made for all or any of the items 
and for (1) and (2) should state the free main- 
tenance period and the period required for the 
delivery of the equipment and completion of 
the works and for (3) should state the main- 
tenance period and particulars of service. The 
quotations may consist of either a lump sum 
payment or for periodic payments. Specific.- 
tions and Quotation forms may be obtained 
upon application to the Clerk of the Lancashire 
County Council, P.O. Box 78, County Hall, 
Preston, to whom quotations should be returned, 
not later than the 20th Spetember, 1954, in a 
plain envelope and endorsed ‘ Ambulance Ser- 
vice Wireless Communications.”’ W 2369 





FOR SALE 





each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P. B. Crawshay, 166 Pixmore Way, 
Letchworth, Herts. W 15 


TWO regulated ag packs, A.C. input up to 
300 volts, 200 mA, D.C. output through 6 2. 
A3 valves. Can be viewed S.W. London. Box 
No. W 1107. 


SERVICE 


STERLING INSTRUMENT CO.,LTD. 
(Approved A.I.D., A.R.B., I.N.O.). Manufac- 
turers of Mechanical and Electronic Instru- 
ments. Capacity available for development or 
mass production of all classes of clock work and 
Electronic Instruments. Separate capacity 
available for auto work, Mikron gear cutting, 
Pivot Polishing, etc. Inquries to Sterling Instru- 
ments Co., Ltd., Boden Works, Chard, Somer- 
set. Telephone Chard 2341. W 2323 


WEBB’S SERVICE DEPT. for complete reno- 
vation of comp‘ex communication receivers of 
any make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than, 
maker’s original figures. Webb’s Radio, 14 
Soho Street, London, W.1. W 196 





PATENTS 





IT IS DESIRED to secure the full commercial 
development in the United Kingdom of British 
Patents Nos. 605, 621 Electronic Transmitters 
for Electrical Measuring Devices, 626,857 Fluid 
Flow Direction Indicators, 626.624 Measuring 
Devices such as Barometers 640,234 Measur- 
ing and Transmitting Devices, 654,972 Tele- 
metric Apparatus for Indicating the Magnitude 
of a Condition, either by way of grant of 













—ae. 12th’ November to 17th December. A Ss 1 Oth of List Prices. 
1954. C. The Physics of Semiconductors. og ig "aes me aaa licences or otherwise on terms acceptable to the 
14th coinage A to 25th February, 1955. D. Semi- Logan, Grove Road, Hitchin 1744, Herts. Patentees. Interested parties desiring copies of 
conductor Circuit Elements, 4th March to Ist , : é W 183 the patent specifications should apply to 
April, and 22nd and 29th April, 1955. Fee for Stevens, Langner, Parry & Rollinson, 5 to 9 
each series £1. Composite fee for all series £3 SINE-COSINE RESOLVERS (3 in. Magslip Quality Court, Chancery Lane, London, W.C.2. 
Applications for prospectuses and enrolment Transmitters No. 5, AP 10861). Brand new, W 2348 
CHAMFERED TOP PLATE 
TO CONCENTRATE FLUX 
Cons 
Ca tantia 
Dear M4 ogi south Afric 
I. Briggs, 26th April a 
CENTRING BUSH I ordered » 1954 
On Ist July and Teceiy, 
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WIDE DIAMETER 
CENTRE POLE 


SUPER 12 MAGNET 


The outstanding performance of the Super 12/CS/AL speaker 

The diagram illustrates the 
it 16 Ibs. Weight of Alcomax III 
Total Flux—190,000 lines. Price of speaker 


is primarily due to the et. 
internal layout. Total wei 
casting 6} Ibs. 
£17 10 © tax free. 


Whartedale 


WIRELESS WORKS LTD. 
Bradford * Yorkshire Telephone: Idle 1235/6 


Idle 


SUPER 12 MAGNET 
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N 2348 
* SUFLEX POLYSTYRENE CAPACITORS, 
because of their LOW DIELECTRIC LOSS 
and SMALL SIZE are admirably suited for 
use in I.F. transformers, padded circuits and 
wave-filters. Their uniquely high insulation 
resistance and low dielectric absorption make 
them indispensable in computors, nucleonic 
and medical equipment. * The capacitors shown here are actual size 
CAPACITIES : 5 pf. to 0.5 mfd." 
TOLERANCE : 20% to 1% 
SUF I EX VOLTAGES : 250v. to 750v. D.C. 
f HS Type : for general use. 
Lo HSA Type : with additional sealing 
NOON for use in exceptional 
humidity conditions. 
ao BAKER STREET, LONDON WL. Telephone : WELbeck 0791 
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would like to meet lively 
electronic engineers 


with a view to 


Aetqpeimaee 
Lively lads at Lorival €) €) 


Injection Mouldings 
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\——. 
ae 
® 
LORIVAL PLASTICS 
ORIVAL PLASTICS 
Lorival Plastics have a large range of Injection Machines and ae 
a full range of thermo-plastic materials. 
= 
<E Ob 
l4ed YI UNITED EBONITE & LORIVAL LTD. LITTLE LEVER . NEAR BOLTON . LANCS 
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SERVOMEX 





This Servomex A.C.2 Stabiliser gives every satisfaction 


for the most exacting scientific and industrial work. It is 
insensitive to change of frequency—load power factor—temperature— 


supply waveform. It is unaffected by vibration and 
bumping, and is free from slow drift. Other important 


, 
2. Zero distortion. 
4. Max. Current 10 amps at 200/240 volts 


features are :— 
1. Output continuously variable. 


3. Metered for current and voltage. 

Send for data sheet. 
SERVOMEX CONTROLS L I:M:I-T7E2D 
Telephone : Crowborough 1247 


* Sussex 
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Crowborough Hill - Jarvis Brook 
13 
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UNIVERSAL METAL PRODUCTS LIMITED 
SALFORD 6 LANCS. 


MOULDED COLLAPSIBLE 
PLASTICS METAL TUBES 


a taht 


THE SIGN OF SERVICE 
AND CO-OPERATION 


/ ke 
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says the SUPERFLOCTOPUS :— 


“If you’re looking for 
something BETTER—”’ 


TYPE “NCC” 
GS AEE A OOEREE. SERRE 565, 


ORR Nese os 


TYPE “MC” 
TYPE “VMC” 


TYPE “VC" 


IN WATER-PROOF AND OIL-PROOF 
FLEXIBLE 


ELECTRICAL CONDUITS 


— this range is specially manufactured to give maximum flexibility with the utmost 

protection under each of their specified conditions of service. These Superflexit 

Conduits have standard End Fittings as illustrated, designed and fitted to allow 

severe strains. Full details of these special-duty Conduits will be gladly sent on 
application to the address below. 


Send for fully descriptive leaflet to :— 


Senentaineniaetaney menial 


LIMITED 


TRADING ESTATE - SLOUGH - BUCKS 
Telephone : SLOUGH 24561 (5 lines) Telegrams : “FLEXIBLE SLOUGH ”’ 
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Frequentite is the most suitable insulating material for all high frequency 
applications. Seventeen years ago we introduced the first British-made 
low-loss ceramic, and consultation with us before finalising the design of 
new components is a wise precaution. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Head Office : Stourport-on-Severn, Worcestershire. Telephone : Stourport Ill. Telegrams : Steatain, Stourport 
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EMOTROL — 


e Kiectronic Motor Control ¢ 


a ee ° Salem 


Of the many notable electronic engineering achievements by BTH, 
the ‘Emotrol’ system is an outstanding contribution to meet the 
needs of industry for precision, wide-speed-range, motor control 
gear. 

This system can, in fact, be applied in practically any industrial 
process. Applications include :—machine-tools, Enea machines, 
conveyors, printing presses, papermaking machinery, fans, reeling 
and tensioning drives, glass making machines, dynamometers, etc. 


SPECIAL FEATURES:— ¢ Current limit feature — gives 
* Speed ranges of 100 to 1. automatic smooth acceleration 
* Horsepower range of *25to 600. and protects the electrical appara- 
* Operates from A.c. supply—_ tus and the driven system from 
static apparatus converts power overload. 





to supply D.c. motor. * Readily arranged to give auto- 

* Maintains precise speed at any matic control of torque, mechan- 

given setting. ical tension, linear or rotational Panel for use 
‘Smooth stepless control position, or other electrical and from 1/4 h.p. upwards 
throughout speed range. mechanical quantities. 





' Panel for use 
up to 600 hp.| 





Typical panel | 
showing enclosure 






THE .... 


BRITISH THOMSON-HOUSTON 


COMPANY LIMITED, RUGBY, ENGLAND As328 








Member of the AE! group of companies 
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MINIRACKLINH TERE) Vath 


Our ME 64 Six-channel Recorder : 
is a fine example of our high quality 
Cathode-ray Oscillograph equipment. 


Please write for our catalogues 


SOUTHERN INSTRUMENTS LTD 


CAMBERLEY SURREY 
Telephone: Camberley 2230 (3 lines) Telegraphic Address: Minrak, Camberley, England 
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Clearly-you get better pictures 
with this ALUMINIZED 


cathode ray tube 





ai 








You cannot beat the new Ediswan Mazda Aluminized Cathode Ray 
Tubes for picture quality or length of life. Ediswan Aluminizing gives 
60% brighter pictures with greater depth of contrast. The improved 
ion trap tetrode electron gun effectively traps harmful ions within 

the tube. Ediswan production methods, including the special 

in-line exhausting process, guarantee a higher, more uniform 

standard of efficiency. For complete satisfaction recom- 

mend Ediswan Mazda cathode ray tubes. 





seen e » 
USEFUL WASTED 


LIGHT LIGHT 





¢ 60% MORE 
LIGHT 
YE MIRROR BACKING 


Without Aluminizing With Ediswan Aluminizing 


Without Aluminizing, tubes waste half Ediswan aluminized tubes have a mirror 
their light by backward reflection. To backing to the screen. All the light is 


counteract this the brilliance must be thus thrown forward giving brighter, 





increased which shortens tube life. clearer pictures, and extra life. 





Quicker Service 
Ediswan are the only com- 
pany to have 6 fully equipped 
cathode ray tube service 
Depots throughout Great 
Britain, thus providing 
better, quicker tube testing 
should the need arise. Also, 
18 Ediswan District Offices 
carry stocks of tubes. 


SEPTEMBER 1954 


EDISWAN 


MAZDA 
ALUMINIZED CATHODE RAY TUBES 


THE EDISON SWAN ELECTRIC COMPANY LIMITED 
155 Charing Cross Road, London, W.C.2, and branches Member of the A.E.I. Group of Companies 
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/ PRINTED 
Patents 





Technograph — inventors and pioneers 
of the 
etched foil printed circuit technique 


The wide and continuously expanding use of Technograph printed 
circuits has now attained to proportions that removes this tech- 
nique from the sphere of merely academic interest and, possessing 
as it does positive economic and technical advantages, places it in 


the field of practical commercial use. An outstanding example is ¢ 


the joint development of the Saunders-Roe/Technograph foil 
strain gauge now in use throughout the world. 

Examination of the leading international technical journals pro- 
vides the clearest possible evidence of the phenomenal growth of 
printed circuitry based on the Technograph techniques. 

The process of etched foil circuits controlled by Technograph 
printed Circuits Ltd. is now in use for such diverse purposes as 


Guided Missiles Transformers 
TV Receivers Capacitors 
Aircraft de-icing Resistors 
Radio Receivers Computors 


Strain Gauges 
Resistance Thermometers 


32 SHAFTESBURY AVENUE, 


Heating Elements 


LONDON, W.! 


Telephone 











—— 
—, 
——e 











ELECTRONIC ENGINEERING 





SEPTEMBER 1954 


pai 



























D\€ 
F 





Techni 
alterna 
applice 
of elec 
previol 
or the 
means 
The 
appara 
ductior 
experic 
where 
grant ¢ 
lishing 
Among 
the fol! 


growin 


Baldwin: 
Bristol / 
Circuit ¢ 
Cornell-] 
De Havi 
Dunlop | 
Etched I 


The For 


TECHINOGRA PH Pf 


AND 
GERrard 


| 


>Crs 


que 


rinted 
; tech- 
essing 
S it in 
iple is 
h foil 


$ pro- 
wth of 


graph 
as 


W-'| AND AT SYLVAN GROVE, 


le phone 


H 




















CIRCUITS 
Protection & 





Technograph patents throughout the world now cover various 
alternative processes, but basically all, together with the numerous 
applications still pending, are concerned with the production 
of electrically conductive patterns either by etching metal foil 
previously laminated to any of the many types of insulating base, 
or the etching of foil patterns from metal insulated on one side by 
means other than laminating or bonding. 

The Technograph Company offer to all makers of electrical 
apparatus the many techniques they have developed for the pro- 


duction of electrical circuits and their unrivalled and unique 


experience in this field, either for the execution of orders or— 
where manufacturers prefer to produce their own circuits—by the 
grant of licenses together with any necessary assistance in estab- 
lishing manufacture. 

Among Technograph Licensees and users in England and America 
the following well-known names now appear and their number is 


| growing rapidly 








Baldwin-Lima-Hamilton Corporation 
Bristol Aeroplane Co. Ltd. 

Circuit Corporation of America 
Cornell-Dubilier Electric Corporation 
De Haviland Aircraft Co. Ltd. 
Dunlop Rubber Co. Ltd. 

Etched Products Corporation 


The Formica Company 


lal 


Hallicrafters Company 

National Vulcanised Fibre Company 
Phena-tron Circuitry 

Photocircuits Corporation 

Polytron Corporation 

Saunders-Roe Limited. 

Telegraph Condenser Co. Ltd. 


PRINTED CIRCUITS Li 


GERrard 4532 





LONDON, S.E.1I5 
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Photo by kind permission of the 
“Daily Mirror’’ Newspapers Ltd. 














reliable Springs by 


From the high precision spring re- 
quired for a printing press to its 


simpler counterpart in a fountain g : 3 
pen, the right spring for the job is r SAR. ; 


essential to ensure perfect perform- 


Pe 


ance. When your springs are designed y Service to Engineers since 1760 y 
and made by Salter, they are just iL. J 
right — not the cheapest obtainable 2 OE OE Se es Se ee 


but fit to work for ever. 


A tradition of quality in craftsmanship and materials is embodied in every Salter 


spring — you can depend on Salter for the right spring for the job. 


nnn Geo. Salter & Co. Ltd., West Bromwich 


M-W.387 
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|0-9 db 0-90 db 








Standard push-button Attenuators are 
the symbol for precision attenuation 
at very high frequencies. As the only 
accurate instruments of their kind they are in great demand for 
research work and regular service the world over. 

Four models are now available, ready for building into your own 
equipment. Each is designed to handle inputs of up to 0.25 watt. 








D.C. to V.H.F. 


























/ CHARACTERISTIC IMPEDANCE 

MODELS AVAILABLE 76 chase eee 
0-9 db in 1 db steps Type 74600A Type 74600E 
0-90 db in 10 db step Type 74600B Type 74600F 








0—9db models: The insertion loss error will not exceed 
+0.05 db for any setting. 

0—90 db models: The insertion loss error for the 90 db 
setting will not exceed +0.3 db. For other settings this limit 
falls linearly to a value of +0.06 db at the 10 db setting. 


0—9 db models: At 50 Mc/s the insertion loss error for the 
9 db setting will not exceed +0.15 db. For other settings this 
High frequency performance limit falls linearly to a value of +0.05 db for the | db setting. 
0—90 db models: At 50 Mc/s the insertion loss error will 
not exceed +0.1 db per step. 


D.C. Adjustment - Accuracy 


N.B. All insertion errors are relative to zero db setting. 






Calibration charts for frequencies up to 100 Me/s for the O—9 db models or 
65 Me/s for the 0—90 db models can be supplied if required. 


Srandord push button 


...  ATTENUATORS 


Stondard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TRANSMISSION DIVISION »* NORTH WOOLWICH + LONDON - E.16 
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fil NOW -2 range of 
‘GERAMICAPS’ for your 


LN} Storage Unit! 


TESTED 
























The LAB Continuous Storage Unit is widely acknowledged 
as the most efficient and convenient method of storing and selecting 
resistors. Now its usefulness is still further extended 
with the introduction of LAB pak’d ‘ Ceramicaps’. 
ie With the LAB Unit, research and experimental 
™ laboratories and small production groups 
have to hand immediately, a complete range 
of resistors and ‘Ceramicaps’, easily selected 
with card index simplicity from some 700 
sorted and carded components. Empty cards 
are merely replaced with full ones 
from stock. 
The LAB unit is supplied 
FREE with initial purchase 
to your specification. 
Standard assortments 
available. Each LAB Unit 
can be used to store one type 
of component exclusively, or 
quantities of the complete 
range of resistors and 
‘Ceramicaps’. Full details and 
illustrated list will be sent on 
application. 

















RESISTORS . 3 
Ref. | Type Loading | —, | Range | Dimensions CONTINUOUS 
T | 5 watt + watt 2530 | S10 cme i x 4%” 
| | to 
sl tate ee" | STORAGE UNIT 
sas Tolerance available + 20%, 10%, 5% _ ee ee. 
HIGH STABILITY RESISTORS 
HS3 | 4watt | {watt | 750 | ohm 5 
a 00 1.1" x 0.1 ; 
| ms 
— ee | + Continuous Storage for 
N isto H 6 H 3 
 , PP ar ee ety Resistors and ‘Ceramicaps 
* CERAMICAPS’ 
Tubulars 3- 470 pf Tolerances +2%, 10% rd d 
500 - Hi-K %* Values separately carde 











The Lab Continuous Storage Units are available from your normal source 


of supply, but more detailed information can be obtained from — * Finger-tip Selection 


THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS - LONDON - N.W.8 - Telephone: Maida Vale 5522 
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MARCONI! HS SERIES 
High Frequency 
Transmitters 


The HS.31, 41 and 51 Series of Transmitters have ratings of 
2.5 Kw, 10 Kw and 30 Kw respectively ; all provide the following 
features : operation on any one of 6 spot frequencies or continuous 
tuning over the entire range, rapid frequency change between 
pre-set frequencies, easy and safe access for servicing; RF feed 
back to reduce distortion; air cooling throughout with dust 
filtering ; high overall efficiency. 

Service flexibility is the keynote of these transmitters, all of 
which are designed as linear amplifiers ; ISB telephony, CW and 
frequency shift telegraphy, double sideband telephony, frequency 
shift diplex, can all be accommodated. 

An outstanding feature of the HS series of transmitters is the 
compact mechanism employed for anode tuning. The inductance is 
mounted integral with the valve anode assembly and is continuously 
variable. 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 











MARCONI’S WIRELESS TELEGRAPH CO. LTD. - CHELMSFORD - ESSEX 




















L.C.1 
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ON 


IN MOULDED PLASTICS 





Leading industrialists and manu- 
facturers have for many years known 
the quality and micrometer accuracy of 
PRESTWARE precision moulded com- 
ponents. A less widely appreciated 
side of the PRESTWARE organisation 
is our Technical Advisory Division, 
whose services are at your disposal to 
solve your specific moulding problems 
and suggest fresh uses and applications. 


The extensive knowledge of our tech- 
nicians can save you both time and 
money ; they will design and manu- 
facture for you the most intricate 
components and piece parts with the 
finest of tolerances and of a reliability 
on which the House of PRESTWARE 
has built its high reputation. 


Approved suppliers to H.M. Government 











LOMBARD ROAD, LONDON, S.W.1I9 
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The NEW Muirhead -Wigan 
decade oscillator 





TYPE D-650-A 





Eby precision laboratory oscillator, which covers a range of I to 111,100c/s with an overall 


frequency accuracy of +0.2% or +0.5c/s, employs the decade tuning system, by means of 


which the frequency can be set quickly and accurately on four decade dials and a range switch. 


This system of tuning ensures the highest possible frequency accuracy and stability. 


It also enables 


a given frequency setting to be repeated exactly, and permits the addition or subtraction of a fixed 


number of cycles per second, thus giving an incremental accuracy of an extremely high order. 


No other type of oscillator possesses all these advantages. 


FEATURES 


Frequency range: I-11,110c/s and 10-111,100c/s. 
Frequency accuracy: +0.2% or +0.5¢/s. 
Hourly frequency stability: +0.02% over most of 
range. 
Maximum output: 
2W into 8000 ohms above 20c/s. 
50mW into 8000 ohms below 20c/s. 


Harmonic content: 1% at |W output. 


Hum level: —80db relative to maximum output 
at 1000c/s. 

Power supply: 200-250V, 50c/s; 90W. or 95-125V, 
60c/s; OW. 


Dimensions: 174 in. wide x 103 in. high x 13 in. deep. 
(43°8 cm x 26°7 cm x 33 cm). 


Weight: 83 Ib. (38 kg). 








MAIL THIS COUPON 
FOR DESCRIPTIVE 
BROCHURE 


NAG cs 
POSITION 


COMPANY __ perce os 


ADDRESS to which BROCHURE should be sent 























rs 
—_— 








114 


MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 
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Specification 















RATING 1 KVA 
- INPUT VOLTAGE 190-260 E 
* Reliability INPUT FREQUENCY f 
m : 50 c/s+10% 
Exceptional accuracy OUTPUT VOLTAGE 
* Not affected by frequency aia sas aaa 
* Low distortion +0.1% nom. ; 


RECOVERY TIME 0.1 secs. 


* Fast response time 
HARMONIC DISTORTION 


* No load to full load performance 3% nom. 
* Excellent finish and P.F. RANGE Unity to 0.7 
' LOAD RANGE 
fine workmanship throughout No load to full load \ 


Manufactured under licence by :— 


J. LANGHAM THOMPSON LTD. AT 
, BUSHEY HEATH - HERTS. 
Telephone : BUShey Heath 2411 - Grams and Cables : “‘ Tommy Watford” 











GROUP 
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TRANSDUCERS 













oe for the measurement of 

Se) 6=6SURGE, FLUCTUATING OR 
ast STEADY PRESSURES 
“ee (Gauge or Differential) 


FOR SURGE, FLUCTUATING OR STEADY PRESSURES 
TYPE NO. 448 (as illustrated) 


0- 1000 p.s.i. to 0- 50,000 p.s.i. 


TYPE NO. 449 


0-10 p.s.i. to 0-1,000 p.s.i. 


Both the above types comprise a 4-arm strain gauge 
compensated bridge, producing a voltage output 
(m.V.) directly proportional to the applied pressure. 


TYPE NO. 522 0-15 p.s.i. to 0-2,500 pss.i. 


Pressure is applied to a diaphragm which is 
caused to change the inductance of an iron 
cored circuit. This change of inductance 
can then be used either to create out-of- 
balance in a bridge or to frequency 
modulate an oscillator. 


FOR STEADY OR SLOWLY 
FLUCTUATING PRESSURES 


TYPE NO. 548 
0-5 p.s.i. to 0- 4,000 p.s.i. 


Comprising a Bourdon tube or 
bellows operating a precision 
potentiometer. These trans- 
ducers producea voltage out- 
put directly proportional —. 


to pressure. A | r, 


GROUP 


J. LANGHAM THOMPSON 


LIMITED 
BUSHEY HEATH -: HERTS 


Telephone : Bushey Heath 2411 + Grams and Cables : “Tommy Watford’? 








Manfactured by :— 
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STANDARD EQUIPMENT 





Built by Craftsmen....... Pye Precision Vernier Potentiometer 


ACCURACY WITHIN YOUR GRASP 


Designed for measurements of a very high order of accuracy, this 
VERNIER potentiometer is being used extensively for the accurate 
measurement of resistance, as a standard for calibrating potentio- 
meters, meters and other electrical measuring instruments, for 
measuring thermo-couple voltages and for many applications of a 
similar nature. Through every stage of its manufacture the most 
careful precautions are taken to eliminate possible sources of error. 
Please write for details of our range of precision potentiometers which 
also includes a SLIDE-WIRE type reading to 1 microvolt with an 
accuracy of .02% as well as a PORTABLE type which is completely 
self-contained, compact, robust and always ready for immediate use. 
Our new catalogue giving details of our comprehensive range of Galvanometers, 


Shunts, Standard Cells and other precision measuring instruments is available 
on request. May we please send you a copy? 


a 
SCIENTIFIC) 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 
WG.56 
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IN MANY LEADING LABORATORIES 


INSTRUMENTS 
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The equipment provides a tele- 
vision picture of exceptionally high 
quality from 16 mm. films and 
2x 2/in. miniature film slides. A 
‘fast pull down’ type of film pro- 
jector is used and a similar mech- 
anism serves for television systems 
having field repetition rates of either 
§0 or 60 fields per second. Thus 
any type of fixed or moving prism 
system is obviated. 


The 16 mm. Projector, Turret Slide 
Scanner, Optical Change-over As- 
sembly, Flying Spot Scanning Unit 
and the PEC Amplifier are mounted 
on top of the steel cabinet which 
houses the auxiliary units and 
power units. 





The equipment can be fully 
controlled locally and remote 
controlled for stopping and starting 
of the film projector, change-over 
from film to slides and selection of 
any one of eight slides. 


fe ery eee a Ty a. 


| Editions of the BD 678 
are available for 405, | 
525, or 625 line systems | 


ail 


MARCONI 


Complete Broadcasting and Television Systems 





Marconi Equipment has been installed in every one of the B.B.C. Television transmitter 
stations and in the U.S.A., South America, Canada, Italy and Thailand 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED : CHELMSFORD ? 








TYPE BD 678 





ESSEX 
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. . . toareally first-class new instrument which is now offered to research and development workers. The New 
Nagard Oscilloscopes represent years of accumulated experience in this field. The instruments illustrated show 
two extremes of a wide range of Oscilloscopes employing so many advances i in design and construction that a 
completely new standard has been reached. 


MODEL M201 MODEL DS103 


For High Speed Transients or pulses—single A Double Gun D.C. Oscilloscope of great versatility at 


modest cost. 
stroke to 20 Ke/ $ p.r.f. Wide Range Time Base with extra slow speed range con- 





Sweep speed up to 25 cms/usec on 6” CRT. tinuously variable calibrated sweep times from 2 sec/cm 
“ P " P /m to 20 ysec/cm, plus sweep expansion x 5 on either or both 
Calibrated time measurement plus sweep expan- beams. Reliable triggering. Time measurement to 5% 


accuracy over range of 20 secs to 20 psec. 


sion X 5. Independent X Shift on each beam. 
D.C. Y Amplifier —0 -02 psec rise time Critically X Amplifier and Beam blanking switch incorporated. 
damped—sine wave response 0—25 Mc/s. High Dual Channel D.C. Y Amplifiers—0—200 Kc/s (—3dB) 


providing identical conditions on each gun system. 
Balanced high discrimination inputs. Low microphony. 
Sensitivity 8 mV/cm peak to peak, or with pre-amplifier, 


impedance input and built-in delay line. 
Input voltage calibration from 0.2 to 120 v. or to 


6000v. via high voltage attenuator. the display of signals down to the 20 pV level. 

g g Be 
Sensitivity 5 mm/volt peak to peak. Voltage measurement to 5% from 10 mV to 500v. 
Unit Construction—rugged, accessible and mobile. 


6” C.R.T. with illuminated graticule. 














NAGARD LTD. - 18 AVENUE ROAD - BELMONT + SURREY . ViGilant 0345 
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Gade 
TRANSISTORS 


Pioneers in semi-conductor development 
and manufacture Standard Telephones 
and Cables Limited were also first to 
produce transistors in Europe. 

Two types of germanium point contact 
transistors are now available for 
immediate delivery. 


Code 3X/100N—for con- © Code3X/101N—for use as 


trol and switching circuits. 


CG 





@ an amplifier or oscillator. 


Enquiries are also invited for 
Standard Junction type transistors. 
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Cc 


Now avaulable... 


Standard Telephones and Cables Limited 


(Registered Office : Connaught House, Aldwych, London, W.C.2.) 
RADIO DIVISION, OAKLEIGH ROAD, NEW SOUTHGATE, N.II 








Actual size 
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‘ii SRELALS— ~, 


A compact design 
for close stacking 















SERIES 595 


D.C. OPERATED 





This extremely compact relay has its connections to 
both contacts and coil brought conveniently to one 
end, and is designed without projections to facilitate 
close stacking where banks of Relays are in use. The 
contact current handling capacity is exceptionally high 
in relation to the overall dimensions of the Relay. 
Good armature design has reduced the effects of 
shock, vibration and acceleration, and the spring type 
For further details of our hinge eliminates backlash friction and risks of 
range please write. displacement. 














TELEPHONE : NEWMARKET 3181-2-3 TELEGRAMS : MAGNETIC NEWMARKET 


MAGNETIC DEVICES LTD 


NEWMARKET 


MDIA 
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PRICE REDUCTION 
12E1 BEAM TETRODE 


Now apd LIST 








Increased demand for the Ediswan Mazda 12E] Beam 
Tetrode has enabled us to step up production and thereby 
offer a reduced list price. 

The 12E] has the unusually high maximum cathode 


current rating of 300mA with a screen voltage of 150V. 


yor 


Mutual conductance is 14mA/Volt. It is, therefore, very 
suitable as a series or shunt valve in stabilised power 
packs. It also finds application in electronic control and 


other circuits. 





















RATING 
Heater Voltage (volts) Vh 6.3 
Heater Current (amps) Ih 1.6 
Maximum Anode Voltage (volts) Va(max) 800 
Maximum Screen Voltage (volts) Vg2(max) 300 
WVaximum Control Grid Voltage Vel (max) 100 
Maximum Voltage between 

gl and g2 (volts) Vgl-g2 400 
Mutual Conductance (mA/V) &m * 14 
Inner Bgl, ge *5 
Maximum Anode Dissipation (watts) Pe om x8 
Maximum Screen Dissipation (watts) Pgo 5.0 
Vaximum Cathode Current (mA) Tk (fax) 300 
Maximum Potential Heater/Cathode 

(volts DC) Vn-k(max)t7 300 

Reduced prices also * Taken at Va= Vg2 = 150vla = 200 mA. 
for # Provided the cathode is pos'tive 
19H4 to £5 ‘ 0 . 0 All maximum ratings are Absolute values not Design Centres. 








I9H5 to £8.0.0 


Full technical information 
available on request 


EDISWAN 


MAZDA 


RADIO DIVISION »- THE EDISON SWAN ELECTRIC COMPANY LIMITED 
155 Charing Cross Road, London, W.C.2. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London 
Member of the A.E.1. Group of Companies sv2 
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The performance of 
only as good as 






These reliable Plugs and Sockets, proved in 


M U Itiway PI UgS service, provide a quick positive connection for 














up to 28 terminations. They need lower inser- 


and Sockets for tion pressure per contact than any comparable 


product, and when fully mated a dust and damp i 


q U | ck acti 0 n proof seal is provided between Plug and Socket. 


Considerable latitude in matching can be allowed 


a n d pos ti ve when they are used in rack mounting applications. 


These components are in regular use by :— The English 
CO n ac Electric Co. Ltd., Messrs. Marconi’s Wireless Telegraph 
Co.Ltd. and Messrs.Standard Telephones& Cables Ltd. 


4 


WAY 


8 ¥i2 ¥ 20¥ 28 


UL NN VLAN Vv 
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These versatile Miniature connectors provide Mi . 
perfect coupling between co-axial cables and Iniatu re 


instruments, and are extensively used in Tele- 


vision, Radar, and Communications equipment. he if meti cal ly : 


They are 100% pressure and flash tested before 


despatch. The full range consists of a variety of sealed (o-axial 


Cable and Panel Mounting units of either plug 


or socket type, and a recent addition is an elbow P| U gS and Soc kets 


connector for applications where it is desired to 


keep the face of the panel clear. Suitable for use to RCS 3)? 
e 


with co-axial cable Uniradio 32 and 43. 





A.R.B — APPROVED 


POWER CONTROLS 


eta i Se 2 





EXNING ROAD, NEWMARKET. TELEPHONE NEWMARKET 3181 
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Ue COMPONENTS 
AND CIRCUITS 


Leocasting is the specialised 
process of CASTING OR 
MOULDING IN RESIN © of 
components or sub-circuits. It 
embraces such terms as ‘Potted ' 
Circuits,’ ‘Moulded Circuits’ 
and ‘Resin Cast’ or ‘Resin 
Encapsulated’ Circuits. 


Lion Switchgear Ltd. have per- 
fected the process, and will 
carry out Leocasting on a 
prototype or production basis 
using resins specified by cus- 
tomers or will select one of 
their own special ‘mixes’ for 
the particular application. 


Ask for the LEOCAST 
leaflet for fuller details. 














The Special Products Department of Lion Switchgear Ltd. is in a position 
to undertake the manufacture of Electronic Assemblies and Equipments. 
Prototypes, large batches or short pre-production runs of equipment 
can be produced to specification. This service includes 

the fabrication of the metalwork, electro-plating, spraying 
‘and finishing as well as the assembly, wiring and | 
testing. Ask for the Special Products Leaflet. 





> EXPORT ENQUIRIES INVITED * 


—-LION SWITCHGEAR LTD.= 


ELECTRONICS DIVISION 
LION WORKS ' HANWORTH TRADING ESTATE 


HAMPTON ROAD - FELTHAM .- mippDLesex 
TELEPHONE : FELTHAM 3567 and 2922 
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THIS UNIQUE 





/ STELLATE | CORE IS THE 





SECRET OF FAULTLESS FLUXING 


... because it gives six points of rapid solder collapse 


and the flux is liberated immediately heat is applied. 





! The correct amount of activated flux is always present 





in Superspeed, thus eliminating dry or H.R. joints. 
The stellate core is featured only in the Enthoven 


range of cored solders which ensures perfect soldering. 


Upers, eed/ ACTIVATED ROSIN CORED. SOLDER 


for all Radio, T.V. electronic and telecommunication soldering. Com- 
plies with M.O.S. Specification DTD. 599 and is approved by the A.I.D., 
G.P.O. and R.C.S.C. Superspeed is available in a wide range of alloys 
and gauges. Samples together with comprehensive literature gladly 
sent on request. .Technical advisers are available for consultation. 


siinattaces vé cae LANL EO ORGY can 


Marketed by Enthoven Solders Lid., Enthoven House, 89, Upper Thames Street, London, E.C.4. Telephone : Mansion House 453 5 








* 
E3925 
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Insulating problems taped! 
—with‘E"z.0 ON” 





Film and tape manufactured from 
‘FLUON’ polytetrafluoroethylene by Crane Packing Ltd. 


‘FLUON’ tape has outstanding dielectric and insulating properties over a very wide 
range of frequencies and temperatures —60 to 109 C.P.S. and -80°C to 250°C. 


*& ‘FLUON’ is the registered trade mark for the polytetrafluoroethylene manufactured by I.C.I. 
Please ask for full technical data. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 
P.S73 
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Track Assembly 
Moulded with 


‘Araldite’ 


This selector unit (part of the Ultra Jet Pipe 
Temperature Control System) controls the 
temperature of the exhaust gases of a turbo-jet 
aero-engine. 
The resistance elements and track segments are 
moulded in ‘Araldite’ Casting Resin B, simplify- 
ing assembly and sealing the elements against 
climatic changes and ensuring mechanical 
stability. 
This is another example of the versatility of 
‘Araldite’ epoxy casting resins which combine 
exceptionally low shrinkage on setting with 
resistance to high temperatures, humidity and 
corrosive agents. ‘Araldite’ epoxies are facilitat- 
ing production in many industries—most 
notably in the potting and sealing of components 
. P for radio, electronics and electrical engineering 
Photo courtesy *"e generally. 

of Ultra 


Electric 
Limited 

















THESE ARE THE NEW EPOXIES! 
‘Araldite’ (regd.) epoxy resins are obtainable in the following forms :— 
@ Hot and cold setting adhesives for metals and most ‘other materials in common use 
@ Casting resins for the electrical, mechanical and chemical engineering industries 


@ Surface coating resins for the paint industry and for the protection of metal surfaces 


Full details will be sent gladly on request. 








¢ Araldite ) | epoxy casting resins 


Aero Research Limited 


DUXFORD, CAMBRIDGE. Telephone: Sawston 187 A Ciba Company 
@ 264-75 A 
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TYPE W99 
MIDGET 
MOLDSEAL & 


For maximum reliability. Hunts capacitors for radio 
and electronic equipment include many types designed 
to meet the need of designers for decreased dimensions. 


Type W99 listed above is just one example taken from 
Hunts unparalleled range of capacitors for every 
purpose. 


Years of specialisation in nothing but capacitor de- 
sign and manufacture has enabled us to achieve 
and maintain that long-lasting reliability, and out- 
standing performance which 


TYPE W97 characterises every Hunt 
MIDGET 
THERMETIC product. 


—100°C wo + 120°C Please write for leaflet 


giving full details of types CAPACITORS 


for all applications. THE TRADE MARK OF RELIABILITY 
Established 1901 


REGISTERED TRADE MARK 


A. H. HUNT (Capacitors) LTD, WANDSWORTH, LONDON, S.W.18 BATtersea 1083-7 
ond in Canada HUNT CAPACITORS (Canada) LIMITED, AJAX, ONTARIO 
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Manufacturers of 


Non-Ferrous Sand Castings, Brass, Naval 
Brass, Brazing Metal, Gunmetal, Phosphor 
Bronze, Aluminium Bronze, High Tensile 
Manganese Bronze, High Conductivity 
Copper, “ Hilchil” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. 

Sand Castings in all Aluminium Alloys, including 
Heat-treated Alloys, Aluminium Alloy Gravity 
Die Castings. 


Wood and Metal Pattern Shop. Fully Approved 
Laboratory and Test House with Inspection 
Organization. Facilities for Radiology. 
Specialists in Development and Quantity 
Production of Castings for Radar. 





We solicit your enquiries for 


SHELL MOULDED CASTINGS 


in all non-ferrous Alloys, including Aluminium 


C&L.AILL LTD 


Stringes Lane, Willenhall, S. Stafis. 

Tel: Willenhall 227 Grams: Hill 227 
(4 lines) Willenhall 

Branch Works: Wednesfield Road, Willenhall 








Both our Foundries are available for 


aa 





CL. AILL LTD 








Casting in 
Aluminium Alloy 


(approx. weight 208 Ibs.) 








Prototype Work 


>< Jt 
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The 


Saunders-Roe/Technograph 
Torque Gauge 


British and Foreign Patents pending 


This gauge provides the most efficient means of measuring torque by strain gauge 
techniques. It does this by providing correctly orientated strain-sensitive elements on 
a common epoxy lacquer backing. Accuracy and simplicity of installation are easily 
achieved and the undesirable effects of shaft bending may be eliminated in the circuitry. 
The torque gauge retains all the inherent advantages of other foil gauges in respect 
F of stability, high current carrying capacity and robustness. These gauges may also 
; be sectioned for use as shear gauge rosettes. Available for immediate delivery. 


Material: Cu/Nifoil, Araldite lacquer backing..Element length: .3250" (up to 32 paired 
elements). Gauge width: 1.0 inch. Resistance: Approximately 20 ohms per element. 


SAUNDERS* ROE 


LIMITED 


(ELECTRONICS DIVISION) OSBORNE - EAST COWES 













ISLE OF WIGHT 
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Electronic Instrument 
Cabinets, Racks 
and Cases 


Your delicate and expensive 
Electronic Equipment deserves 
worthy housing. H. & H. Cabinets 
and Racks add, to unique design 
and precision craftsmanship, the 
crowning merit of superb finish. 
Specialists in the production of 
precision sheet metal work, for 
many years, we are admirably 
equipped to provide to your own 
specification Cabinets of a high 
standard of craftsmanship through- 
out at reasonable prices. 


Our Design and Development Staff is 
always at your disposal. May we 
serve you ? 


Send for H. & H. Catalogue of Electronic 
Instrument Racks, Cabinets and Cases. 


A 





H.H. 120 
We also manufacture precision components to Copyright Hassett & Harper Ltd., 1954. 
users’ designs: All types of Valve Screens, Coil British Patents Pending. 
Cans, Chassis, Panels, Condenser Mountings, Overall Height 493” Depth at Base 31” 
Valve Mountings, Loud Speaker Chassis, and Overall Width 27” Depth at Top 234” 
pressings and sub-assemblies in any metal. Depth of Table 12” 





Hassett e Harper lid 


REGENT PLACE + BIRMINGHAM - I 


Tel : CENtral 6418 (4 lines) 


LONDON: .-140 PARK LANE : W:°!I 
Tel : MAYfair 9651 (3 lines) 
CONTRACTORS TO GOVERNMENT DEPARTMENTS 
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COSSOR presents Model 1052 
double beam oscillograph 




















Two similar amplifier channels with an 
approximate gain of 2000 and an upper 
frequency response of 5 megacycles 
(—6DB) are features of this new 
Cossor Double Beam general purpose 
oscillograph. The repetitive or 
triggered time base has a sweep 
duration from 200 milliseconds to 

§ microseconds. 
The instrument will operate from 
power supplies of any of the various 
frequencies and voltages en- 
countered in the Armed Services 
or from standard civil supply mains. 





Deeps erin eee ees 


is a 











mics 
\ ° 
\. 
and Model 1433 & 
i 
voltage calibrator ; 
} Primarily designed to be used with the Model 1052 oe 


oscillograph the Cosser Voltage Calibrator Model 1433 
provides an accurate means of calibration of input voltages 
to the plates or amplifiers of any oscillograph. Calibrating 

voltages are read directly from.a wide scale meter without 

any computation being necessary. Measurements can be made 

to an accuracy of + §% and the instrument can be used in any 
application where a source of accurately-known voltage is required. 


C () S S () R ELECTRONIC INSTRUMENTS 


Write for illustrated leaflets about both of these instruments 


A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT. 2, HIGHBURY GROVE, N.5 





Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. Cables: Cossor, London 
C.1.56 
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GOODMANS 
POWER 





—provides a stabilised 10—10,000 c/s supply 














FOR USE WITH A vibration generator depends for its accuracy largely upon the 
THE GOODMANS suitability of its driving equipment. Goodmans—who pioneered 
VIBRATION vibration generators in this country—have now produced a 
GENERATOR self-contained drive unit consisting of oscillator, amplifier and 

MODEL V.47 power pack. Although primarily intended for use with 





Goodmans Model V.47 Generator, it will also find wide application 
in the laboratory and in industrial processes where a high 
quality source of audio frequency is required. A brief specification 
of this latest Goodmans product is given below, and full 
circuitry details are available on request to “* Vibration Dept.” 





or where small 
scale vibration 
testing is 
involved 








BRIEF SPECIFICATION 


Frequency range _ 10-10,000 c/s in 3 ranges. 

Power output 5 watts into 3 ohms. 

Output level stability +0.05 db 10-10,000 c/s. 

Distortion less than 0.2 per cent. 

Hum level 72 db down on 5 watts. 

Power supply 100/115 v, 200/225 v, 225/250 v. 
50-60 c/s 75 watts. i 





Weight 45 lb. 
Dimensions 164”x13”x11’. 


GOODMANS INDUSTRIES LIMITED, AXIOM WORKS, WEMBLEY, MIDDX. Telephone : WEMbley 1200 (8 lines). 
GD 
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A t { (| : Justly acclaimed as Britain’s finest 

ll OU S all lil Uy post-war communication receiver 

the BRT 400 D is in widespread use 

| by Military, Post and Telegraph and 

o Cn Cla Ppurpos C Broadcasting authorities throughout 
the world. 

: ti Combining first-class performance 

COMM WCA lon with a wide range of facilities, the 

BRT 400 D is equally suitable for 

both narrow-band telegraphy and 


recelver tm sn al en 


with a very high standard of 
reliability. 


It is available in either cabinet or 





rack mounting form, with a 500 kc/s 
crystal calibration unit as an op- 
tional extra. Normal operation is 
from an A.C. mains supply: an 
auxiliary power unit is available for 
12 volt battery operation. 


. BRT 400D 

















SUN 
: = ‘ = 
= SHORT SPECIFICATION = 
= BAND COVERAGE OVERALL FIDELITY E 

= 0.150—0.385 Mc/s | : Less than 2 db down at 50 c/s = 

=  0.510—30.0 Mc/s in 6 bands ' Less than 6 db down at 5,500 c/s = 

| g SENSITIVITY A.G.C. CHARACTERISTICS E 
= — than 1.0 V for 1.5 watts output, over the whole Output constant within 3 db for 100 db change in = 

= : signal input. = 

= SIGNAL|NOISE RATIO = 

= Standard input for 20 db:— OUTPUT CIRCUITS = 

= 1.3—30.0 Mc/s on i we < 7.0nV At 2.§ or 15 ohms aes as + 2.5 watts 5 

= 0.150—1.3 Mc/s... on we <10.0uUV At 120 ohms ees as ave +++ 0.05 watts = 

= At 600 ohms eae eae ve +.» 0.2 watts = 

= SELECTIVITY = 

= Six switched bandwidths :— POWER SUPPLY = 

a 0.5 kc/s 1.0 kc/s 2.0 kc/s 95—130 and 195—250 volts, 40/80 c/s. Also from = 

= 5.5 kc/s 9.0 kc/s 13.0 kc/s 12 volt battery, using BRT 401 auxillary power unit. = 

= For the full specification please send for a copy of publication BC2084. = 

sal N 00 

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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TELEPHONE: CHRISTCHURCH 1024-1025 





SOMERFORD, CHRISTCHURCH, HAMPSHIRE. 
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The new approach 
to Microwave Testing 









Integrated Microwave Test 
Bench Frequency Range 
9,000/10,000 Me/s. 


The Ferranti Integrated Microwave Test Bench 
is designed for use in the 3 cm. band and is 
used for Laboratory and Production Testing. 
It incorporates the ‘MILLED BLOCK’ 
technique of waveguide manufacture which 
confers the following outstanding advantages : 


Improved Electrical Characteristics 
Ease of Operation 

Increased Robustness 

Lower Cost 



















The wide range of standard tests which can be 
carried out with the equipment includes 


Impedance Measurement 
Voltage Standing Wave Ratio Measurement 
Attenuation Measurement 

Insertion Loss Measurement 





FERRANTI LTD - CREWE TOLL - FERRY ROAD - EDINBURGH 5 
London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 
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AVAILABLE To you Now Free! 


6 PAGES oF 

SOUND TECHNICAL 
ADVICE ABOUT KINNEY 
VACUUM PUMPS 


ENERAL ENGINEERING 
on @) ZAC LIFFE ) Bs 


ELECTRONIC ENGINEERING 





inney 
BULLETIN 


NUMBER !04 


If you manufacture products like electric lamps, coated 
lenses, mirrors, C.R. tubes, foodstuffs, drugs and ‘coated foils, 
then Bulletin 104 has been printed for you. Here is a 
wealth of detail describing and illustrating Kinney High 
Vacuum Pumps—how they work, quoting dimensions, speeds 
and performance curves. Everything, in short, to 
demonstrate how indispensable Kinney Pumps are for up 

to date production processing. Bulletin 104 cannot fail to 
be of interest and (we sincerely believe!) profit. Pin this 

ad. to your note heading. We'll be glad to mail you by 
return. 


GENERAL ENGINEERING CO. (ravcurre) LTD. 
Station Works, Bury Road, Radcliffe, Lancs. 
Telephone: RADcliffe 229! (3 lines) Telegrams: “‘General’’ Radcliffe 


London Office: 3rd Floor, 9 Victoria Street, London, S.W.1 
Telephone: Abbey 5278 
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Improve your products with our Capacitors and ‘Iriummers 


Closer tolerances — Our modern engineered 
More values ceramics are a new answer 


to choose from to old design probiems 


By the application of new DIELECTRIC ceramics and 
production technique our CERAMIC CAPACITORS have 
set a new standard of excellence. Built to meet the 
most exacting requirements of today’s Radio-Television 
and Electronic Industry. 



































: Pearl Capacitors, low values 
close tolerances up to + .25pF. 
High—K range Tube Disc 
and special chassis mounting 
(fully tropical) 
TEMPERATURE COMPENSATING RANGE 
with controlled temperature 
coefficient both positive and 
negative (fully tropical). 


We solicit your problems and needs 





Wide range of variable 

and pre-set TRIMMER types 
designed for greater stability 

to shock or vibration, 

smaller, lighter, easier to mount 
in any position. Tubular 

disc and bow Trimmers. 


Our experts have been successfully 
working in the field of temperature 
compensations for many years, are‘able 
to solve all problems encountered in 
daily practice. Full details of 
capacitors available on application, 


STEATITE INSULATIONS LTD. 


25 SOMERSET ROAD, EDGBASTON, 
BIRMINGHAM, 15. 


Tel. EDGbaston 3990 
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B.M.B. MINIATURE BALL BEARINGS 
FIT SHAFTS AS SMALL AS 0°040in. 


They’re accurate to millionths 
. . . and good for years ahead 


In the manufacture of their extensive range of aircraft, 

marine and industrial instruments, Kelvin & Hughes Ltd., 

London, leave nothing to chance, well knowing that unvary- 

ing dependable performance may be a matter of life or death. 

We are proud, therefore, to be helping in our own small 

way to ensure the efficient performance of the Mk. 12 

aircraft turn and slip indicator shown. B.M.B. ball bearings 

are fitted to the gyro athwartship axis and give unfailing per- 

formance under varying conditions of speed and temperature. 

If you make instruments, small mechanisms or machines, 

B.M.B. Super-Precision ball bearings will ensure greatly 

increased efficiency at reasonable cost. RCT 
Ask for latest catalogue. Ries ens 
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or every type of coil 


SSS“ 





If you are faced with a winding problem please ask 
for assistance ; BICC technicians are always willing 
to give you the benefit of their experience. For 
most winding wire jobs the Publications listed will 
provide the data you require. They are available 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 


SEPTEMBER 

















BICC | WINDING WIRE 


USE OUR TECHNICAL ADVISORY SERVICE sts 


No. 
No. 
No. 


No. 


322 “* Bicalex”’ 
(Synthetic Enamel), 


328 ** Fifty - Three” 





WINGS 
Ar 


wer in 








Give for those 


who Gave 








266 Insulated Winding Wires and 
Winding Wires 
303 Enamelled Oil Base Winding 
Winding Wires 


Enamelled 


21 Bloomsbury St., London, W.C.! 
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For MAXIMUM PROTECTION 


against 


EXTREME 


HUMIDITY 


TROPICAL 


MECHAN/CAL 


BS "ela 











Supplied with ‘C’ Cores to RCL 215 dimensions or with 
Standard Laminations to RCL 216 dimensions, Leocast 
Transformers have been satisfactorily tested to the 
standard required by RCS 214 (Grade S) to Humidity 
Class H.1. The dielectric qualities of the resins used 
make Leocast Transformers particularly suitable for 
high-voltage applications. 


GRESHAM TRANSFORMERS LTD., TWICKENHAM ROAD, HANWORTH, MIDDX. _ FELtham 2271-4 
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URRET PUNCH PRESSES 


<q Type R2 This powerful hand-operated press is 
speedy and simple to operate. With 12 punch 
stations it will handle an exceptionally wide range 

of work, and is essential for the efficient produc- 

tion of short-run jobs. 


Type R4 (With optional standard gauge > 
attachment) 
The deep throat of the Model R4 enables an even 
wider range of work to be handled. Round, 
Square, rectangular or shaped holes produced 
with equal ease. Turrets rotate freely to the desired 
station and are positively indexed and locked. 
SPECIFICATIONS R2 R4 
WPOat GEpt = a5, Se seejs see 12” 
No. of punch stations... ... 12 
Max. punch diameter... ... 24” 
Punching capacity: 2” dia. in 1/16” thick mild steel 
12” ” ” 4" ” ” 
sia Mine casa EARLY DELIVERY 


Also available are various power-operated models up to 80 tons pressure capacity 


BRITISH BUILT TO THE ORDER OF:— 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W. 14 


Telephone WESTERN 8077 (8 lines) Telegrams. ACCURATOOL HAMMER LONDON 
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If you would like fuli details of our range 
ef Toroidal High Precision, Helical and 
Heavy Duty Ceramic Potentiometers, 
send for our newly-published Cata- 
logue No. 102. 









Ceramic Insulation only — and ceieued for Tropical con- 
ditions. Complete Ceramic Rings for strength. Approved 
by all Government Departments. Also precision Toroidal- 
wound Potentiometers (including 360° of winding with up to 
eight tapping points) and Helical wound Potentiometers of 
3600° of winding. All are available with sealed spindles and 
glass or ceramic terminal seats. 





























F | PRECISION POTENTIOMETERS 
“ie Type C. (5-7 watts Tropical) 
PN SPECIFICATIONS 
Rating—5 watts normal, maximum 7-5 watts with increased 
temperature rise. 
Resistance Range—500 ohms-100,000 ohms. 
Overall Resistance Tolerance—-+-5 %, or as specified. 
Winding—Nickel/Copper and Nickel/Chrome Wires. 
Effective Angle of Winding—270° to 350° as specified. 
Linear Accuracy—500 ohms to 4-9k ohms within 0-50 %. 
5k ohms to 100k ohms within 0-35 %. 
Angle of Rotation—Continuous rotation—no stops. 
& | Operating Torque—2 inch/oz. (144 gram/cm.). 
en SS Tappings—Special to requirements. 














Thanks to eatensive re-organisation, we can now give 
good delivery of all types of potentiometers 


P -X - FOX LTD - HAWKSWORTH RD - HORSFORTH - YORKSHIRE 
Telephone: Horsforth 2831/2 Telegrams: Toroidal, Leeds 








ndh2945 
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Spring Quiz 
No. 5 





what 8 et 
scress — 
Stress range is a definition of 


the difference between the stress 
at fitted length and the stress at 
maximum or minimum working 


length. 


We make good-tempered springs ! 


AS Katelitfe 


(ROCHDALE)LIMITED 
THE SPRING SPECIALIST 


REGISTERED TRADE MARK 





Phone: Rochdale 4692/3 Grams: Recoil, Rochdale 


CRAWFORD SPRING WORKS, ROCHDALE, LANCS 


NS 
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and VERSATILITY 


FROM AUDIO TO VERY HIGH FREQUENCIES 













Valve requirements of extremely diverse equipments, from 
servo amplifiers to video modulators, are ideally met by the 
new Mullard beam tetrode, QV06-20. 


This compact and rugged valve with an anode dissipation 
of 20 watts will function equally well as driver, frequency 
multiplier, power oscillator or output valve at all frequencies 
up to 60 Mc/s. With ratings reduced the frequency of 
operation may be increased to 175 Mc/s. 


: : One QV06-20 as a class “‘C”’ amplifier will deliver 52 watts 
———— a at 60 Mc/s, and two in a class “‘ AB1”’ push-pull amplifier 
iN th 


will provide 82 watts of audio power. The mutual conduc- 
tance is 7 mA/V, and even with relatively low anode voltages 





a large output can be obtained with small driving power. 











The anode connection of the QV06-20 is brought out to a 
top cap, and this feature, together with a short metal base 
screen which is connected to a base pin, ensures excellent 
separation between input and output. 

The QV06-20 is directly equivalent to the popular American 
6146. Further details of the QV06-20 and other valves in 
the comprehensive Mullard rangeare readily obtainable 
from the address below. 









































| | Pout | 
Heater: Typical Applications |Va (V)| (W) |£ (Mc's) 
Vi 6.3V ‘caeeeieel (BALA 
Ih 125A R.F. Power Amplifier | 
Class *C’’ Telegraphy and F.M. Telephony = : A 

Limiting Values: 

Va max. 600 Vv Class “C’’ Anode and Screen-grid Modulated! 400 32 60 

Pg max. 20 W 

Vg2 max. 250 Vv ee SERN or Modulator 

Vgimax. —150 V pai Be 3] 

{ max. 175 Mc/s) Class “AB1"’ 600 82 AF. 
Base Octal. Class “AB2’’ 600 | 90 AF. 

: 


MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 





MVT160 
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Commentary 


HE past month has been one of considerable “‘ board- 

room” activity. The Atomic Energy Authority has 
taken over the responsibility for atomic energy research 
and development and the Independent Television Authority 
has been formed. 

The former event, while of considerable interest since 
the atomic energy establishments are the centres of some 
of the most interesting electronic research and develop- 
ment, is not likely to have any great significance in the 
near future; it is more in the nature of a regrouping of 
forces than a major change, and the programme of research 
and development is not likely to be disrupted or modified 
to any great extent. 

The passing of the Television Bill, which received the 
Royal Assent on 30 July, and the setting up of the 
Independent Television Authority is of more immediate 
concern. To quote the Financial Times: “So ends a dis- 
pute which has been going on for the best part of two 
years, in the course of which probably more irrelevancies 
have been uttered than on almost any other issue in modern 
times.” This is, unfortunately, only too true and, as the 
bill now stands, it is fairly certain that the I.T.A. is assured 
of a hard and possibly hazardous life. The constitution of 
the Authority has been announced in the national Press 
and, at this stage, it can only be said that the members are 
a “mixed bag” of persons highly competent in their own 
spheres. How well they will adapt themselves to their new 
task time alone will tell; that they have little knowledge or 
experience of television is inevitable, but this should prove 
of little consequence, providing they are wise in their choice 
of advisers and senior employees. 

From the more technical viewpoint it is impossible to 
make any comment at the moment as there is, as yet, no 
indication of what form commercial television will take; 
whether the transmissions will be over a national network, 
or be of more local interest and be over a number of 
regional networks. 

Whatever one’s feelings towards sponsored programmes, 
the argument is now over and it can only be hoped that this 
new venture will provide a sufficient revenue to develop 
and exploit television more adequately than the BBC has 
been able to do with its strictly limited finances. 


* * * 


The National Radio Show takes place at Earl’s Court 
from 25 August to 4 September, and it is likely that this 
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year’s event will have a greater appeal to the general public 
than any of recent years. There is certain to be a great 
deal of interest in television receivers capable of reception 
in the higher frequency bands where the I.T.A. will operate 
and in radio receivers suitable for reception of the pro- 
posed F.M. transmissions. Technical interest will be pro- 
vided by observing the methods by which the various 
manufacturers have solved the many problems presented 
by these two new fields. There will also be a large number 
of servicemen interested in test equipment for these higher 
frequencies, which points to a problem which is, perhaps, 
not given quite as much attention as it deserves. 

Modern domestic radio and television equipment is 
becoming more and more complex. It is indeed a far cry 
from the three-valver of twenty years or so ago to a 
modern television receiver. The fault-finding and repair tech- 
niques and test equipment are equally far removed; the 
days of the wet finger technique are well behind. The 
introduction of Band III and IV television, v.H.F., F.M. 
and, possibly in the not very distant future, colour tele- 
vision will throw a considerable burden upon the technical 
knowledge of the serviceman and will also involve con- 
siderable expenditure on test gear. True, it will result in an 
increase in trade, but it will also present a difficult problem 
especially to the smaller business. 

A great deal of attention and publicity has, in recent 
times, been given to the training and education of engineers 
and technologists, but this has mostly been concerned with 
those at graduate level. If all this complex new equipment 
is to be maintained in a manner that is a credit to the 
industry, a similar effort must be directed towards the train- 
ing of servicemen; the qualified service engineer should be 
given a more widely recognized status and the set 
manufacturers should make a more rigorous effort to 
ensure that their appointed agents are staffed by qualified 
persons. 

It is well, too, to remember that in time of war or 
national emergency it is the civilian servicemen who will 
form the hard core of the Service wireless and radar 
maintenance sections. 

The set designer, too, has his part to play by keeping the 
servicing aspect well in mind during the design stages. In 
the case of the more complex equipment there is probably 
much to be said for the more widespread use of sub- 
assemblies which can be easily replaced by factory 
reconditioned units. 
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The Design and Construction of the 


Manchester University Digital Computor 


By K. Lonsdale* 


The basic principles of operation of the Manchester University Computor are outlined, although 

it has been necessary to omit some of the more involved facilities of the actual machine. An 

explanation is given of the binary system of numbers and the reasons for its use. The method 

of working of the more important parts of the machine such as the memory units are explained 
as is the type of electronic circuits employed in the machine. 


THE construction of this computor, using storage units 

of the type developed by Professor F. C. Williams and 
his associates at Manchester University, was started during 
the summer of 1949 and the machine was completed and 
— into operation at Manchester University in July, 

A computor is basicaily a high speed adding machine, 
capable of performing arithmetic operations at very high 
speed. Usjng a human operator, it would be difficult to take 
advantage of this high speed because, inevitably, the vast 
majority of time spent on a problem would be that which 
the human operator requires to make his decisions. The 
main problem in constructing a fully automatic computor 
becomes the design of suitable circuits to control the arith- 
metical operations in the manner prescribed by the mathe- 
matician, but at a speed which takes full advantage of the 
speed of the calculating circuits. A medium has to be 
found which will hold the necessary instructions, and is 
capable of issuing such instructions at the rate at which 
the machine operates. In the case of the Manchester 
machine this is achieved by means of electrostatic storage 
registers. There are several storage registers of this type 
in the machine. The main storage consists of eight cathode- 
ray tubes, each capable of storing 1280 binary digits 
arranged in 64 lines of 20 binary digits each. Each of 
these lines may be considered as a number of 20 digits 
length or approximately capable of representing a num- 
ber of a magnitude of 10 to the sixth. Alternatively, a 
20 digit location on a store may represent an instruction 
the machine is to obey. To ensure that instructions and 
numbers are handled in the correct manner and sequence, 
as dictated by the mathematician, a further store is in- 
cluded called the control store, and thirdly, a store called 
the accumulator is needed’ to receive the sums after arith- 
metic functions have been performed. Fig. 1 shows the 
layout of a basic machine equipped with three storage 
elements, as just described. There are more facilities in 
the complete computor, but this article will be restricted 
to this limited computor. 

Before describing the method of operation of this 
machine, let us divert briefly to explain the binary system 
of numbers and the reason for its adoption in digital com- 
putors. As the purpose is to achieve high calculating 
speeds, electronics is the obvious medium to use. The 
only means to impart information must hence be via 
electronic circuits, capable of assuming more than one 
stable state. While it is possible to design electronic cir- 
cuits with ten stable states, thus making a decimal com- 
putor possible, it is much easier to design reliable 
electronic circuits with only two stable states, thus 
causing the designer to make digital computors on a binary 
scale. The binary system itself is simple to understand, as 
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it is in direct analogy with the decimal system. A decimal 
number is divided into its digital components by assigning 
the appropriate number to its units, tens, hundreds, and so 
on. For instance, the number 987 has seven units, eight 
tens and nine hundreds. We may note that it has seven 
times 10° plus 8 times 10' plus 9 times 107. Similarly, 
a binary number 1101 has 1 times 2° plus 0 times 2’ plus 
1 times 2? plus 1 times 2*, which is I plus 4 plus 8 = 13. 

Returning now to our simple machine, first assume that 
by some means the necessary instructions and numbers 
have been inserted in the main storage register. In 
general, the numbers will be in one part of this register 
and the instructions in another, and arranged in the 
sequence in which they are used. What is required to be 
done is to select the first of the instructions out of the main 
store register, to examine it and to interpret its meaning, 
which will be something like ‘“‘ take the number in storage 
location X and add it to the number in the accumulator.” 
Readers must understand that instead of “add” such an 
order may include any of the other functions which are 
associated with the accumulator store. To read such an 
instruction, to interpret it and then to perform the oper- 
ation asked for, is done sequentially in a number of beats. 
Each beat lasts one number or instruction length of 20 
digits, called a “ word” and is also the time occupied by 
the X time-base sweep on all storage tubes. As the basic 
repetition frequency of the machine is 100kc/s, and each 
digit of 10 microseconds length, each beat takes 200 micro- 
seconds plus 40 microseconds “ black-out time,” the latter 
being needed in between words to allow time-bases on the 
cathode-ray tubes to switch to the next line required. 

If a word denotes a number then the machine will inter- 
pret it as a 20 digit binary number with the least significant 
digit occurring in the first 10 microseconds of the beat 
and of ascending binary significance towards the end of the 
beat. If it is an instruction then the 20 digits which are 
available are divided up to act on suitable selection cir- 
cuits which determine line and tube selection and function 
to be obeyed. The first 5 digits determine the line, the 
next 4 the tube and the last 6 the function. The remaining 
4 digits in the middle are used for a special facility which 
is outside the scope of the elemental machine under dis- 
cussion. 

Reverting to the sample instruction which asks the 
machine to take the number in storage location X and to 
add this to the contents of the accumulator. In the store, 
in this case on the first line on the first tube because a 
problem is just commencing—is this instruction. In the 
first 10 digits of the instruction is defined the address of 
the number which we wish to take to the accumulator and 
in the last 6 digits is the binary code which operates the 
circuit to perform the required function, the adder. The 
machine approaches the problem of performing a com- 
plete operation in two steps. The first step is 
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to extract the next instruction to be obeyed from 


‘the main store, the second step is to use the infor- 


mation contained in this instruction to control the 
functions of the machine, and then to perform the oper- 
ation thus specified. Each of these two steps is performed 
in two beats. A complete machine operation hence con- 
sists of four beats and is called a “bar” of operation. 
The actual mechanism of storage is explained later in this 
article, but for the present purpose it can be stated that 
during any beat it is possible to extract information. con- 
tained in the particular line scanned by the X time-base. 








controlling instruction pulse train. The staticizors are 
thus divided in the same manner as an instruction, i.e., 
the first 6 are line staticizors, the next 4 are tube staticizors 
and the last 6 are function ‘staticizors. It is this chain of 
staticizors which controls the Y time-base, the tube selec- 
tor circuits and the selection of the function to be per- 
formed. It will be appreciated that it requires the full 
duration of a word to set this chain of staticizors and that 
neither they nor the circuits controlled by them can attain 
the configuration of the controlling instruction until the 
end of such an instruction beat. They are, however, ready 
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Fig. 1. Basic machine equipped with three storage elements 


Conversely it is possible to insert other information. The 
two actions are completely analogous to reading infor- 
mation from, or writing information into the store. 

The actual line is selected by the Y time-base and a 
tube selector circuit which achieves selection by applying 
a negative voltage to the grids of non-selected cathode-ray 
tubes. Both the above circuits have to exert their selective 
influence for the duration of a whole beat at a time; but 
as previously explained they have to be controlled by the 
first 10 digits of an instruction which exists only as a pulse 
train. The need arises to convert the information con- 
tained in such a pulse train into static form; this is done 
by the “ staticizors.” 

A staticizor is a flip-flop which is normally. reset into 
One of its stable states and is triggered into its opposite 
state if a pulse is applied to its input terminal. There are 
20 such staticizors, one to each digit position in a word. 
Suitable gates are incorporated at the input terminal to 
each staticizor so that a trigger is only passed on if a 
“1” is present in the appropriate digit position on the 
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to take complete control of the machine in the beat follow- 
ing the instruction beat. 

It has been shown how an instruction pulse train which 
is applied to the staticizors during one beat may control 
the machine in the succeeding beat and stipulated that all 
instructions are assembled sequentially in the main store 
in the order in which they are required to be obeyed, i.e., 
the first instruction is on line 1 on store 0, the next on line 
2, etc. The part of the machine used to control the extrac- 
tion of these instructions from the store is the control 
register which is a cathode-ray tube store capable of storing 
two 20 digit lines. The first of these contains the address 
of the last instruction to be obeyed. In the example this 
would be zero. In the first beat a “1” is added to this 
(current instruction) line, and the resulting number is routed 
to the line and tube staticizors. In beat ‘2” the 
staticizors will control the selection circuits, i.e., line 1 on 
store 0 will be illuminated and the contents of this line 
read off into the other (present instruction) line on the 
control register. This is the first instruction and is routed 
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t6 the staticizors in beat “3.” In beat “4” the 
staticizors control the required operation. This completes 
the first bar. Unless the function part of the just com- 
pléted instruction contained the “stop code,” the machine 
will automatically initiate the next bar. A “1” will be 
added to the current instruction line resulting in’the extrac- 
tion of the second instruction from the main store. This 
action will continue until the machine encounters a stop 
instruction signifying the completion of the particular 
problem. The 4 beats are thus defined as follows: 


(1) Add 1 to current instruction line (c.1. line) and 
set line and tube staticizors. 


(2) Take the number thus indicated from the store and 
place it in the present instruction line (P.1. line). 


(3) Take the contents of the p.1. line and with it set all 
the staticizors. 


(4) Obey the staticized information. 


Earlier in this article the main fast storage medium of the 
machine was referred to as being in the form of cathode- 
ray tubes. These are a special form of tube manufactured 
for the purpose and to very close tolerances. The manner 
in which such a tube is used as a store is as follows: 


Pri Primary Electron Beom 
Electec, 2 moved “om r 
Beom 





Secondary 
electrons filling 
A spot 


Fig. 2. Action of clectrons on screen of storage tube 


The tube is mounted in a conventional manner and sup- 
plied with deflexion voltages on its plate system so as to 
scan a raster. The screen is totally covered by a metal 
plate, spaced some small distance from it. This is a pick- 
up plate, insulated from earth and is connected to the 
input of a high gain amplifier. The store works on the 
following principles. The tube is operated at an accelerat- 
ing voltage such that the secondary emission ratio of the 
screen is greater than one. If an electron beam hits this 
screen more electrons will leave it than are impingeing 
on it via the beam and the potential distribution will be 
as shown. (Fig. 2). It will “dig” a “well”. If the beam 
is removed then this well will proceed to fill in slowly, 
but if the beam should return within less than about 1/5 
second then the potential distribution will be substantially 
unchanged. If we now, instead of keeping the beam on this 
one spot, move it away slowly, then the well will travel 
from a to B filling in behind it as it goes along. There- 
fore, by considering the screen of the cathode-ray tube to 
have a lot of a spots which are regularly looked at by 
means of a system of deflexion potentials applied to the 
plates, the beam can be arranged to encounter a well or 
a filled spot totally dependent upon whether a small a-B 
defiexion was applied to the spot the last time the scanning 
occurred. Looking now at the output of the pick-up plate 
amplifier, this will be found to show regular waveforms 
which are dependent upon what is happening on the screen. 
If the scanning spot is looking at a well on the screen 
then the output becomes negative. If, however, it looks 
at a filled spot then the output becomes positive All that 
remains to be done to make the system regenerative is to 
arrange for a discriminating circuit in such a manner that 
if the positive signal appears on scanning an A spot then 
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the spot is drawn out to’ B leaving a filled spot for the 
next scan, which repeats the process and so on. In this way 
it is possible to keep a particular pattern of charges on 
the screen of a store. The operation is purely a sequen- 
tial one, as the beam of the cathode-ray tube is directed 
only at one spot at a time. The output of the amplifier 
will denote the presence or absence of a well and arrange- 
ments are made to leave that particular spot in the state in 
which it was found before the beam is caused to move 
to the next spot. The total time occupied in searching a 
spot and rewriting is 7usec—the beam is then caused to 
move on to the next storage digit in the following 3usec, 
during which time it has to be blacked out so as to avoid 
any unwanted filling during the period of its movement, 
In this fashion it is found possible to store 1 280 digit 
elements on the face of a 6in cathode-ray tube, these being 
arranged in 64 20 digit lines, which are arranged in two 
blocks of 32 lines each side by side. The order of scan- 
ning is from the top left-hand corner to the end of the 
first line, then the line below it, and so through the left- 
hand column and then through the right-hand column in 
a similar manner. During the time when the beam is travel- 
ling from the end of the previous line to the beginning of 
the next, the beam is blacked out and 40usec are allowed 
for it to cover the distance. The total time needed to scan 
a “raster” of 64 lines is 10usec per digit plus 40usec 
between lines—a total of 240usec per line or 12-8msec per 
raster. 

From the description of the basic machine it remains 
to explain just how a particular line in the main store is 
selected, bearing in mind that it is necessary to fulfil all 
the time the storage condition of leaving no spot unscanned 
for longer than 1/5 second, or rather less in order to retain 
a safety margin. As stated the machine works on a four 
beat system. During the first beat all the machine does is 
to add 1 to control, therefore the main stores are free to 
be scanned for regeneration purposes. During the second 
beat the instruction is obtained from the store and the line 
scanned in the main store must be under control of the 
staticizors. During the third beat the contents of the 
p.1. line in control are transferred to the staticizors and 
the stores again unused and hence available for regenera- 
tion. Lastly, in the fourth beat the store is again used 
to extract the number required en route to the accumula- 
tor. Thus the four beat system is split up into 2 “scan” 
beats and 2 “action” beats. The time-base is so arranged 
that during scan beats it is under control of a separate 
counter chain consisting of 6 flip-flops called the regenera- 
tion counters. . During action beats the time-base is under 
control of the staticizors. In operation the scan counters 
receive a trigger pulse during every action period, that is, 
in between the times they are going to be in control of 
the time-bases. This means that after every action period 
when any line in the store may be selected, the scan period 
select the line which is next to the one previously scanned. 
As the machine proceeds in its computation every line in 
the main store is scanned and hence regenerated sequen- 
tially. Line 0 first, then line 1, then line 2, etc. As there 
are 8 main stores this procedure would require not 6 but 
9 counters in the regeneration counter chain, and also as 
there must be 480 microseconds between the start of the 
scan on one line and the start of the scan on the nett, it 
would take a total of just over 0-245 seconds to scan the 
whole store and information would be lest. To avoid 
this, all 8 stores are arranged to be scanned in parallel, 
that is, line 0 on all 8 stores first, and so on, which re- 
duces the number of counters required to 6, and causes 
any one line in the main stores to be regenerated at 32 
millisecond intervals. The stores are selected by con- 
trolling the grids of the cathode-ray tubes so that only 
the selected store has its screen illuminated. During action 
beats this selection is controlled by the tube staticizors and 
during scan beats all tubes are brightened. 
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The Magnetic Drum ( 
The method of using the 8 main storage tubes to perform 


a computation has been explained. As the total digit 
capacity of these 8 stores is only 10 240, the information 
that could be contained in such a working space would 
be sufficient only for calculations extending over fractions 
of a minute. A method is hence needed for replenishing 
this information at a high speed and for this purpose the 
magnetic drum has been developed. 

The magnetic drum is a copper cylinder some 12in in 
height and 10in in diameter, coated with a very pure 
nickel plating. It is mounted on ball bearings at either 
end and rotated about its vertical axis at some 2 000 rev/ 
min in synchronism with the machine, that is, one revo- 


Jution of the drum is timed so as to take the same interval 


as the continuous and sequential scanning of 2 stores, i.e., 
representing 128 lines of 240usec- duration each. The 
drum has associated with it 256 magnetic heads, each of 
which is arranged over 256 imaginary annular rings on 
the wheel spaced 1/32in apart and 12 thousands of an 
inch wide. In order to commit information to the wheel 
an alternating digit current is applied to the writing coil 
in the head in which in its turn magnetizes the nickel on 
the surface of the wheel in a corresponding manner. Con- 
versely, a magnetized annular ring or track on the wheel 
will induce corresponding alternating voltages in a pick- 
up coil in the head. Any of the magnetic heads can be 
selected at will and caused to be connected to any of the 
8 stores and achieve what is called a half transfer. That 
is, only one store full of information is put on a track 
capable of holding the contents of two stores, or con- 
versely the information contained in half a track may be 
transferred into one store, the two modes of operation 
corresponding to a “write” transfer and a “read” trans- 
fer. Alternatively the contents of two consecutively 
numbered stores may be associated in transfers to and from 
acomplete magnetic track. 

_ The method used to get information into the computor 
is by means of a teleprinter tape. There are alternative 
ways, such as the use of cards and magnetic tape, but we 
are not at present using them. 

The problem facing the engineer who designs input and 
output machinery is that it is at this juncture that the 
transition from mechanical to electronic speeds in handling 
has to be faced. Commonly used teleprinter equipment 
operates at a speed little over 6 characters per second, 
each character, of course, being represented by a location 
hole on the teleprinter tape and 5 hole positions associated 
with it. As a hole may be present or not, it can represent 
a binary digit, which gives a 5 digit binary number per 
character on the tape. Four such characters go to make 
up a 20 digit binary number or the contents of a store line. 
The reading of the information from the tape is done in 
a photo-electric reader. This consists of a tape feeding 
mechanism which advances the characters one at a time so 
as to align with a row of 5 holes in a base-plate over 
which the tape is passing, the 5 holes being drilled coinci- 
dent with the hole positions of the tape. Underneath the 
base-plate are arranged 5 photocells, each illuminated via 
one hole only. The illumination is provided by an electric 
lamp over the tape. Light from this lamp can reach a 
photocell only if the corresponding hole in the paper tape 
has been punched out, unpunched holes prevent a signal 
from reaching the photocells. The ouput signals from 
the 5 photocells are p.c. potentials and remain stable for 
as long as the tape is stationary. These potentials are 
amplified and then applied to a serializing or dynamicizing 
circuit which transforms the information into a 5 digit pulse 
train. The stores in the meanwhile have been regenerating 
and waiting. As soon as the character is aligned over the 
Photocells a signal from the reader initiates a bar of oper- 
ations in the machine, during one of whose beats the 
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dynamicized 5 digit pulse train from the reader is routed 
into the accumulator. To read the succeeding character, 
the reader is now stepped on and the machine relapses 
into its regenerative waiting period until a new signal from 
the reader signifies the alignment of the next character, 
which is then read off in the same manner as before. This 
regenerative configuration of the machine is, of course, 
necessary to retain information in the stores. In the 
absence of an actual operation being performed the mecha- 
nism of the computor is always arranged to relapse into 
a purely regenerative cycle in which all stores are scanned 
continuously over and over again. For each step of the 
reader the machine requires the requisite instruction. As 
many characters are required to make up a complete store 
full of information, a complete programme is required to 
assign each 5 digit number to its correct destination as it 
arrives. The photo-electric reader used is actually a special 
piece of equipment designed for the computor. 

The normal teleprinter type tape reader operates by 
drawing the tape along by means of a small ratchet which 
engages in the alignment holes. The information holes 
are sensed by 5 small spring loaded plungers which are 
mechanically connected to contacts. A, plunger, on 
encountering a hole in the tape, rises due to its spring pres- 
sure and makes the contact. In the present reader not 
only have these plungers been replaced by photo-electric 
cells and a light source, but the ratchet has been replaced 
by an electromagnetic system. The drive is applied to 
the tape by friction from a roller which itself is driven by 
a differential gear train. The gears in turn are con- 
tinually driven by an electric motor. By applying electro- 
magnetic brakes to the correct points in the gear train, the 
roller may be driven or rested at will. The control voltages 
required are derived from a sixth photocell situated under 
the location hole position of the tape. The two advantages 
of the system are that the gear train is always rotating and 
that inertia losses are small either in accelerating or deceler- 
ating the tape, a factor which makes high speeds possible. 
Secondly, as no ratchets tear the tape, its life is prolonged 
much beyond the normal life of teleprinter tape, a very 
important factor when a large and frequently used “ tape 
library” is necessary to operate a machine economically. 
The reader is capable of reading 200 characters per second 
as against the 7 characters of its purely mechanical counter- 
part. 

In the output mechanism a page-teleprinter and tape 
punch are utilized. The method of feeding these with the 
requisite information has to be done by a programme 
which causes the 5 digit inputs to this apparatus to be 
energized in the correct sequence. Again, as in the reader, 
the machine regenerates while the teleprinter or punch 
complete their mechanical cycles. 


Electronic Circuit Design 

As previously mentioned, owing to the fact that the 
computor operates in the binary scale, all valves are 
required to have only two recognizable states of operation. 
The two states most obvious to use are “ fully conducting ” 
on the one hand, and “ fully non-conducting ” on the other. 
By making the valve most commonly used a pentode, it is 
possible to choose an anode load such that the valve 
“bottoms” in its fully conducting condition. The valve 
types used are the Mullard EF50 and EF55 pentodes, and 
the EASO diode. Taking as an illustration an EFSO (see 
Fig. 3) assuming a pulse train of amplitude greater than 
10 volts, and with its most positive level at, or slightly 
above earth, the anode waveforms of such a valve would 
be of about 280 volts amplitude as the anode would bottom 
at or about 20 volts. A potential divider between this 
anode and the grid of the following cathode-follower, is 
such that the lowest negative pulse voltage becomes minus 
60 volts or greater. while the diode ensures that the top 
level is at earth. The same pulse at the cathode of the 
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Fig. 3. Typical pentode on-off circuit 


cathode-follower will have a voltage excursion positive to 
earth by the amount of the grid base of the cathode- 
follower under the current conditions determined by its 
cathode load. It is such an output pulse which is applied 
to input grids of pentodes in various diverse parts of the 
computor. The slightly positive excursion ensured by the 
cathode-follower is one of the safety measures taken to 
make quite sure of switching “on” any pentode which 
receives the pulse train. A negative excursion of 60 volts 
or thereabouts depends, of course, on the value of the 
potential divider, but it is possible to use standard 20 per 
cent tolerance calculations and still make sure that 60 
volts or more negative excursions are achieved, yet that the 
pulse train on its positive swing crosses earth and enables 
the diode to clip it at earth. In practice, while calculations 
are made for 20 per cent resistors, 10 per cent resistors 
are used throughout. The 60 volt pulse generator is, of 
course, far bigger than is necessary to cut off either of the 
pentode types described above, but it is most useful when 
applied to the suppressor of an EF50 which has a sup- 
pressor base of about 55 to 60 volts. Where a pulse is 
to be applied to grids only, it has to be greater than 20 
volts to give a safety margin, especially if one bears in 
mind that about 4 or 5 volts are positive to earth and 
hence of no use in cutting a valve off. In general these 
lower amplitude pulse trains have also the highest repeti- 
tion frequencies. They are usually formed with an EF55 
which has a lower anode load than the EF50 and whose 
anode is caught with a reverse diode at 50 volts. This 
results in a 30 volt pulse at the anode which after either 
D.c. restoration or potential dividing is fed into a cathode- 
follower grid, as before. 

The flip-flop or staticizor circuit is an extension of the 


Fig. 4. Filip-flop or staticizor circuit 
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EFS0 circuit shown. Two pentodes are used and the cross 
connexions are taken from the anode of one valve to the 
suppressor of the other, leaving the grids free for the 
application of trigger pulses. The same circuit in its 
counter version has a further resistance-capacitance net- 
work added to each anode, which ensures that only the 
grid of the conducting valve gets the negative trigger 
pulse, The action is as follows: Referring to Fig. 4, 
assume that V, is fully conducting and therefore V, is 
cut off. The anodes of both diodes a and B are at earth, 
owing to the dioding action of the valve grids. The cathode 
of diode a will be at about plus 5 volts, whereas the 
cathode of diode B will be at some plus 60 volts, owing to 
the action of the resistor chains R,, R, and R, and R,. It 
is clear that if a trigger pulse of amplitude greater than § 
volts, and less than 60 volts, is applied at the trigger termi- 
nal, then it will be transferred only on to the grid of valve 
V,, which is what is required to put the circuit into its 
other stable state. The capacitors C, and C, are there to 
ensure a slow change of the masking voltage on the diode 
cathodes. The purpose of this rather elaborate seeming 
version of an already well-known circuit is its operation 
when several of these circuits are operated in cascade as 
a counter chain. In that case the waveform on the sup- 
pressor of V, would be cathode-followed and applied to 
the trigger terminal of the succeeding counter. Now, it 
is characteristic of unmasked counters that as the trigger 
is applied to both grids via differentiating circuits, the cir- 
cuit begins its transition from one state to another until 
it attains an equilibrium state halfway in between. At 
that stage the deciding factor determining which way the 
counter will go, is entirely the different state of charge 
of the capacitors coupling the respective anodes to the 
opposite suppressors. The whole action, however, causes 
a short reversal of the anode motions of either valve at 
the equilibrium position, resulting in waveforms contain- 
ing a small zigzag on each vertical edge. In a circuit 
designed for negative triggering, as the above, a negative 
edge would be contained in the waveform triggering the 
next counter, at a time when the changeover is actually 
positive going, and hence no counter trigger should be 
passed on. It is to avoid this undesirable state of affairs 
that the masked counter has been evolved. 


TIME-BASES 

The 1280 storage digits on each cathode-ray tube are 
grouped in 64 lines of 20 digits each. These lines are 
arranged in two columns of 32 lines side by side. The 
requirements of the X time-base are that the time-base 
potential must be stable during the time that a particular 
digit is inspected and re-written, as the case may be. It 
must then move on quickly to the next digit position and 
so on, until 20 digits at a time are scanned. The time- 
base waveform required to do this is the staircase-like 
waveform shown in Fig. 5(a). The circuit for achieving 
such a waveform is shown in Fig. 5(b). As will be readily 
recognized, this consists of a Miller integrator type time- 
base valve which has a cathode-follower to drive the feed- 
back capacitor, the purpose of this cathode-follower being 
solely to achieve a faster flyback time. The run down 1s 
initiated by the return ‘to earth of the suppressor of the 
Miller valve at the beginning’of each 20 digit period and 
is completed at the end of this period by returning the 
suppressor to minus 60 volts. The waveform is the 40 
microsecond blackout period, mentioned previously 4s 
being necessary to ensure correct working of the time 
bases. The waveform which causes the time-base to pause 
in each of the digit positions is one of the basic waveforms 
called the dash waveform, this being at 100kc/s repetition 
frequency and its mark-space ratio being determined 
entirely by storage considerations. This waveform 8 
applied to the diode, as shown on the diagram, causing 
diode 2’ to open-circuit whenever the waveform goes neg 
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tive. This causes the time-base to hesitate at whatever 
potential it happens to be because the Miller capacitor 


time-constant becomes infinite. As the dash waveform is 
fixed in time with respect to the blackout waveform, and 
as the Miller anode is accurately caught with a diode at 
its upper excursion, the resulting time-base will have the 
hesitating steps always at identical voltage levels and hence 
the same spots on the cathode-ray tube will be accurately 
illuminated. The remainder of the circuit shown consists 
of paraphase valves which again employ the principle of 
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Fig. 5. Staircase waveform and generator 


the cathode-follower driving the feedback circuit, in order 
to obtain a low output impedance. 

The Y time-base circuit has to be rather different as it 
must obey the staticizors at one time, and the regeneration 
counters at another. Moreover, a particular configuration 
of the staticizors must align the time-base on one particu- 

line—Fig. 6 illustrates the principle used. As there 
are 32 lines to be selected, 5 separate channels are employed. 
In each channel a double pentode switch feeds a diode 
which is part of the time-base selector mechanism. The 
time-base itself is an. anode-follower with the cathode- 
follower in the feedback loop, commonly called by us an 
anode-cathode follower.” To the grid are connected 
the anodes of 5 diodes to the cathodes of which are con- 
nected 5 resistors to a negative voltage. These resistors 
are. graded ‘in magnitude so as to draw currents from the 
gtid in a binary ascending scale. That is, the largest of 


these resistors is made such that its inclusion or removal 
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from the anode-follower moves the anode voltage by an 
amount equivalent to the space in between lines on the 
cathode-ray tube, or about 2 volts. The next resistor will 
be half the value of the largest and thus will cause a move- 
ment at the anode equivalent to 2 lines. The third resistor 
will cause an: equivalent movement of 4 lines, and so on, 
so that the smallest resistor is equivalent to 16 lines. It 
now becomes obvious that by the application of negative 
or positive potentials to any of the companion diodes 
D, to D,,, any combination of resistors connected to the 
negative line may be incorporated in the anode-follower 
circuit, and thus any potential equivalent between the range 
of line 0 to line 31 may be obtained, this being equivalent 
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Fig. 6. Principle used for alignment of Y time-base 


to saying that any desired iine on the cathode-ray tube 
may be selected for scanning at will. The double pentode 
switches, one of which is also shown, have their anodes 
connected to a common load, which means that either 
valve conducting will cause this potential to fall to some 
plus 20 volts and via the potential divider permit the com- 
panion diode to open-circuit and hence the relevant nega- 
tive going resistor to become part of the time-base anode- 
follower. The suppressor of one of the switching pentodes 
is kept negative and the pentode put out of action during 
regeneration beats. On the grid of this pentode is applied 
the output of the staticizor which is associated in magnitude 
to the anode-follower resistor controlled by the particular 
switch. The other pentode has its suppressor kept nega- 
tive during action periods and to its grid is applied the 
output of the regeneration counter of the same significance 
as the staticizor, for example, the smallest anode-follower 
leak controlling 16 lines at a time will be controlled by a 
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pentode switch which has staticizor 5 and counter 5 as 


its controlling waveforms. The action of the circuit 1s 
that during regeneration periods the regeneration counter 
controls the anode voltage of the switching pentodes, and 
hence the line selection, and during action periods the 
staticizors perform the same function on the identical cir- 
cuit element, namely, the feedback resistor in the anode- 
follower. It is most important that the same line physically 
on the cathode-ray tube is illuminated to a very high 
accuracy, to achieve which would be impossible should it 
be attempted to use separate circuits 
for the two modes of operation. 
The output of the time-base anode- 
cathode follower, paraphased in the 
same manner as the X time-base by 
means of further anode-cathode 
followers. The formation of two 
columns is achieved by inserting a 
double pentode switch controlling a 
feedback resistor in a suitable point in 
the X time-phase paraphase circuits. 
The control being under the sixth 
counter and staticizor. This is com- 
monly called the column shift wave- 
form, as it affects the shifting 
tetween the two columns of 32 lines. 










Mechanical Construction 


In an equipment of the type 
described, the foremost considera- 
tion of the designer must be to 
design his circuits with as much 
safety margin as he can possibly 
provide for. He rates his valves 
and his components conservatively, 
not only from the point of view of 
tolerances, but also in respect of 
wattage loadings of resistors and 
voltage ratings of capacitors. To take 
this process logically a step nearer 
perfection, he also mounts his com- 
penents so that they are not sub- 
jected to their maximum rated heat 
and also that they are not subject 
to vibration. The construction of 
the Manchester University machine 
was carried out with all those points 
very much in the foreground in the 
mind of the designer. Coupled with 
this, it was recognized that one 
could not hope to have some 1 800 
pentodes and 2200 diodes in 
cperation without failures occur- 
ring, such failures having to be 
found with the utmost speed and 














repaired easily. The mechanical 
design illustrated in Fig. 7 
was evolved. The open chassis 
construction, and the method 


in which the chassis are mounted on the doors, 
make for good accessibility when servicing. All components 
are completely surrounded by air and are kept cool by an 
air stream which enters at the base of the computor and 
is extracted at the top by a fan. The doors themselves are 
rigid castings to ensure freedom from vibrations, and are 
themselves mounted on sturdy frames. Pulse leads and 
power supplies are taken to the door by flexible leads 
which have been very carefully tested to ensure their 
reiiability under repeated flexing. The method in which 
leads are taken from the doors to a junction with the hori- 
zontal ducts which run along the whole of the computor, 
is shown clearly in Fig. 7. The lower half of the frames 
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has locations for cathode-ray tube stores and time-bases, 
as well as two small doors to house electronic circuits imme. 
diately associated with either, as the case may be. The 
mechanical size oi these units is somewhat larger than 
that required for the upper structure of the framework, 
thus providing convenient ledges to run the horizontal 
ducts previously mentioned. The complete machine con- 
sists of 5 racks identical in construction to that shown, 
and a sixth rack which is slightly modified to contain the 
magnetic drum. The racks are bolted together end to end, 
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Fig. 7. Ome rack of the computor 


and for convenience are arranged in two parallel bays of 
three racks each. High tension and other power supplies 
are routed along a busbar system at the top of the racks. 
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“A General Purpose Monitor and Trigger 


By P. Gleghorn, B.Sc.(Eng.) 


A general purpose monitor, using uniselectors and relays is described. It is designed to give 

warning if less than a certain number of impulses (in this case 11) are received in a given time. The 

impulses are supplied by a trigger switch, in the present instance being operated by a patient's 

respiratory movements. If the monitor registers a predetermined drop in respiratory rate, a patient- 

cycled respirator (Donald and Lord'; Donald and Young’) can be automatically brought into action 
and is governed by the respirator control circuit which is included in this apparatus. 


hepeitt medical developments’? have led to a type 
of artificial respiration in which instead of the patient’s 
respiratory cycle being determined by an external agency, 
his attempts at respiration are used to trigger the action 
of the respirator. The augmented breathing rate is thus 
determined by the patient, a method which has many 
medica] advantages. 

A trigger switch is applied to the epigastric area and 
actuates the respirator control circuit, which by means of 
a solenoid controlled pressure system augments the 
patient’s inspiratory effort. 

The impulses from the trigger switch can also be fed 
into the monitor, and the number of these impulses is 
counted. If less than 11 are recorded in a monitoring 
period of 100 seconds, an alarm is sounded, indicating 
that the breathing rate has fallen below a safe level. A 
selector switch can be set so that the respirator solenoid 
does not commence operation until that alarm has sounded. 


Safety Precautions and Refinements 


If the respirator solenoid were energized directly by the 
trigger switch, there would be a danger that the patient 
would be unable to exhale, due to the pressure applied 
from the respirator; and this pressure could not be 
teleased until the solenoid was de-energized by opening 
the trigger switch contact. Thus, to avoid the patient’s 
breath being artificially held, the solenoid must be de- 
energized automatically after a predetermined time, in 
this case 4 second. 

The patient’s breathing may require very little assisting, 
and it may be undesirable for the solenoid to operate 
on every closing of the trigger switch contact. To cater 
for this, a paralysis circuit is included, by means of which 
the operation of the solenoid can be inhibited for a pre- 
set time after assisting a breath. 

The above two facilities are the most important under 
this heading, but a number of other minor facilities have 
also been included. A buzzer will sound a warning if the 
contacts of the trigger switch remain closed (due to the 
patient holding his breath, or to the switch sticking) for 
more than 10 seconds. A switch is also provided so that 
the alarm bell on the monitor can ring for 5 seconds, after 
which the next monitoring period commences automati- 
tally, or can ring continuously until manually reset. 

In addition to the selector switch setting mentioned in 
the basic requirements, other settings are available to 
select the operation of the monitor or the respirator 
mechanism singly, or both together. 

The monitor and respirator control system is shown in 
= a in Fig. 1 and the monitor and control circuit 

ig. 2. 


Timing 


The u.7. supply to the valves is provided by a half- 
wave rectifier with resistance-capacitance smoothing. The 
timing valves each have a relay in the anode circuit, and 
the cathode of each is returned to a point’ on a fixed 
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potential divider (R, and R, or R; and R,). This provides 
the bias when the valve is cut off. A large capacitance is 
connected between grid and cathode. The principle of the 
timing mechanism is to charge and/or discharge this 
capacitance through a resistance, causing the valve to 
conduct or be cut off in a time determined by the time- 
constant of the charging resistance and the grid-cathode 
capacitance. / 
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Fig. 1. Diag of and respirator control 





The Trigger Switch 

The trigger switch (S,) is placed in series with relay C, 
which is supplied with half-wave rectified heater voltage, 
smoothed by a 32uF capacitor. Contact C, causes the 
trigger switch indicator lamp (L.) to light in synchronism 
with the switch. 


The Monitor Circuit 


TIMING 

The monitor consists of two uniselectors, one of which 
counts the number of attempted respirations, and the other 
is stepped round at 5 second intervals to time the 100 
second sampling period, which obtains when 2U is on 
positions 2 to 21 inclusive; breath counting is done during 
this sampling period. The 5 second cycle starts with Vj. 
cut off by a negative potential on its grid, and F, open. 
C, discharges through R,, and after 5 seconds the valve 
is conducting sufficient current to pick up relay B. This 
operates relay F and DM2 via B,, assuming S,. is on 
position 2, 3 or 4. F, on closing cuts off the valve, hence 
releasing relay F and DM2 whose wipers then move on 
one step. It is necessary to have relay F to avoid a very 
precise contact adjustment which would otherwise be 
necessary if F, were placed on relay B. 

On positions 22 to 24 inclusive of 2U, a circuit is 
completed to DM2 via its interruptor contacts, which thus 
drives it to position 25. By extending the number of 
positions in which this circuit is completed to DM2, a 
flexible method of reducing the sampling period is 
provided. 


COUNTING 

During the sampling period, the counting uniselector 
1U will step on once for each closing of C,. No further 
counts above 25 can be recorded since the 25 position 





383 ELECTRONIC ENGINEERING 

















cas Sateen, oo chiks l Lew 0 abe 


* Heavy Duty Contoct 



































Monitor and respirator control circuit 











Fig. 2. 

















(5) 





pe a ee 

















* 


PREG oa 





t 


a YY 
3 


ae 





fol|44. 























ELECTRONIC ENGINEERING 





on 1U2 is blank. This prevents false counts due 
to the wipers commencing a second cycle, 


MONITORING 

At the end of the sampling period the timing 
uniselector 2U checks the number of counts 
recorded. On position 25 of 2U, a circuit jg 
completed (if less than 11 counts have been 
recorded) from the heater transformer via the 
alarm bell and 1U3 to the earthed negative 
supply on the wiper of 2U1. If 11 or more 
counts have been recorded, 1U3 will break this 
circuit. 

When 2U moves to position 1 after 5 seconds, 
1U will be homed via 1U1, and the 100 second 
cycle is completed. 


SPECIAL FACILITIES—ALARM RESET Switcu (§,) 

Normally the alarm bell will ring for only § 
seconds, after which the next sampling period 
will commence automatically; this is with S, 
closed (“auto” position). If, however, S, is 
open (“manual” position), the supply to V,, is 
taken through uniselector banks 2U2 and 1U4, 
which will cut off the supply. This will prevent 
further movement of 2U. 

The bell will thus continue to ring until the 
reset button §, is pressed, which will energize 
DM2. On releasing S,, 2U will step on one 
position, and hence home IU in the normal 
way. 


SPECIAL FACILITIES—MONITOR RESET 

Before using the monitor, both uniselectors 
should be on position 1. Pressing S, with Sy 
closed will home 2U which will in turn home 
1U. 


Respirator Control Circuit: Description of 

Cycle 
OPERATION OF THE SOLENOID 

On closing the trigger switch, relay C 
operates. C, passes current to energize relay 
E, and relay D via W,;. Relay D then locks 
on via D, to the supply from C,, and also 
transfers the supply to relay E on to the hold- 
on coil, which is in series with VR.. This is 
adjusted to pass sufficient current to allow the 
relay to remain energized, but insufficient to 
allow it to pick up again after it has been de- 
energized. Relay D is made slow to operate 
to prevent D, (make before break) breaking 
the circuit to the pick-up coil of relay E before 
it has had time to energize. 

Assuming that G, is closed, the solenoid 
operating the pressure system will also be 
energized. 


THE AUTOMATIC RELEASE 

With E, closed, capacitor C, will discharge 
through R,,. After about 4 second, V,» Wi 
conduct sufficiently to pick up relay A, which 
opens A, and de-energizes the solenoid. If 
S, opens during this + second, R,, is shorted 
out by C, and relay A picks up immediately. 
Because of capacitor C,, relay E is slow to 
release. and hence the opening of C, will not 
cause E, to open before relay A has picked up. 

A, opening will also de-energize relay E, but 
because this is slow to release. the grid of V» 
will be connected directly to the cathode for 4 
short time via A, (make before break) and E, 
This ensures that capacitor C, is fully 
charged before starting the next part of the 
timing cycle. 
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PARALYSIS TIMING 

S, will normally open shortly after the solenoid is de- 
energized as the patient exhales, hence causing relay D 
to de-energize. Capacitor C, is now charged through VR,, 


which is the “Set Paralysis” control. The time taken 
before relay A drops off can be varied up to 3 seconds. 
During this period, the solenoid cannot be energized by 
C, closing since A, will be open. On dropping off, relay 
A applies the full negative bias to the grid of V,», and 
the circuit is ready for the next triggering of relay C. 


THE 10 SECOND ALARM 

If, however, S, does not open, due either to breath 
holding or to the switch sticking, relay D will remain 
energized, and capacitor C, will charge through R,, relay 
A now taking 10 seconds before dropping off. A, on 
closing cannot pick up relay E, owing to VR, being in 
series with the coil. Hence a circuit will be completed 
through the buzzer in a manner similar to that through 
the bell via A,, D, and E,. S, opening will cause D, to 
open and hence restore the circuit to normal. 


The Selector Switch (S,) 
SETTINGS 
Position 1—Respirator mechanism alone. 
2—Monitor alone, bringing respirator mechanism 
into operation in addition after the alarm bell 
has rung. 
3—Monitor and respirator mechanism together. 
4—Monitor alone. 

The selection of the respirator mechanism entails the 
closing of G, to allow the solenoid to operate. Thus on 
positions 1 and 3 a circuit is completed to relay G via S,». 

Selection of the monitor entails providing a supply toa 
allow B, to operate DM2; this is done via positions 2, 3 
and 4 of S,.. The fact that 1U may still be stepped by 
C, when the selector switch is on position 1 is immaterial— 


it will not operate after recording 25 breaths. To prevent 
V,a being fully conducting when the selector switch is on 
position 1, S,, is arranged to pick up relay F, thus hold- 
ing the valve cut off. 


AUTOMATIC CUTTING IN (S; on position 2) 

On position 25, the completion of the circuit via 1U3 
in addition to ringing the alarm bell picks up relay G, 
which then locks over G,. R, is included to provide a 
resistance in the bell circuit equal to that of W,; this 
rectifier is included to prevent relay G picking up through 
the heater winding. The two coils of relay G are con- 
nected in opposition, otherwise there is a chance of the 
relay remaining energized if S$,» is moved quickly from 
position 1 to 2. 


Conclusion 


This apparatus has been constructed and is now in 
service for Mr. Ian Donald at Hammersmith Hospital, 
who has also incorporated the mechanism in his servo 
respirator for premature infants’. In this instance, the 
photo-electric trigger mechanism of the respirator is used 
to operate the trigger relay C. : 

In certain applications it may be desirable to make R,, 
variable, thus placing the automatic release time under 
the control of the operator. 

There are two distinct parts of the apparatus, the 
monitor and the respirator mechanism, as shown by the 
dividing line on the circuit diagram. It is thus possible 
to construct the monitor alone without the respirator 
mechanism. 
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Ultrasonic Cleaning Plant 


5 tee plant, which is probably the first of its kind to be made 
in Europe, and believed to be the first completely auto- 
matic unit in the world, was made to the order of a well-known 
firm who require to clean small precision engineering parts 
to a degree not obtainable with conventional cleaning 
wegen It was produced jointly by Ultrasonics Limited, 
and Mullard Limited, who were approached by the Board of 
Trade some months ago. The company who have ordered 
this plant wished to import a machine from the U.S.A., but 
they were referred to the above companies to see if a unit 
could be produced in this country. 

As no information was available as to the type of plant 
produced in the U.S.A. this unit had to be designed and 
produced from scratch in two months due to urgency of the 
users requirements. 

It has been established that if an article to which foreign 
particles, e.g., grease or other matter is adhering, is irradiated 
ultrasonically in a bath containing a suitable fluid, the part 
will be made chemically clean. The ultrasonic energy is able 
to reach those parts of the articles which are normally in- 
accessible, and foreign particles are rapidly dislodged. A 
suitable frequency and intensity are necessary depending on 
the nature of the material to be cleaned. In this particular 
Plant the frequency is 1Mc/s and the maximum intensity at 
the transducers approximately 5W/cm?, the generator output 
being 24kW. The transducers in this case are barium titanate 
&@ ceramic crystal which has the advantage over quartz of 
needing only low voltages for excitation, and can therefore 
be operated in direct contact with the liquid. 

The parts to be cleaned are placed in open wire mesh trays. 
These run into the plant on rollers and are automatically 
backed up on a conveyor which takes them through the two 
Stage cleaning process. The cleaning fluid is recirculated 
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through a magnetic filter in the first stage, and a combination 
of magnetic and ceramic filters in the second stage. 

At the end of the conveyor system the trays are transferred 
to another roller conveyor on which they travel to the next 





The ultrasonic cleaning plant 


stage in production. It is estimated that over one million parts 
will be cleaned daily in this machine. The variable speed 
drive on the conveyor allows considerable latitude so that the 
plant can be run at a speed to match the production rate of the 
preceding processes. 


ELECTRONIC ENGINEERING 











Le) 


(Lyons Electronic Office) 
(Part 3) 


- Checking Device for Punched Data Tapes 


By E. J. Kaye*, B.Sc.(Eng.), A.C.G.L, and G. R. Gibbs* 


ping of the electronic digital computors which are 
in use today employ punched paper tape as a means 
of input, and LEO (Lyons Electronic Office) is no excep- 
tion. Being principally employed on clerical work, LEO 
has to deal with much larger quantities of input data than 
a calculator which is concerned with problems of a mathe- 
matical nature. For example, during a payroll programme 
for 10000 persons no fewer than 160000 rows of holes 
on punched tape have to be prepared by recording 
operators and read into the calculator. The recording 
operators or “recorders” as we shall now refer to them, 
typing 34 characters per second on standard keyboard 
perforators are bound occasionally to make mistakes (in 
fact errors do occur at the rate of approximately 2 per 
1000 characters). It is of paramount importance that 
these errors are completely eliminated before presenting 
the data to the calculator. 

The need for a foolproof tape checking device was 
foreseen at an early stage in the development and an 
investigation was carried out to determine the most efficient 
method of checking tapes. Fundamentally there are two 
approaches to the problem of checking; these have been 
described by Alexander’® as the parallel method and the 
cascade method. In the parallel method, two tapes are 
produced by different recorders and automatically com- 
pared by two tape readers and a check circuit. In the 
cascade method’®, the second operator or “checker” 
produces the final tape, the initial tape providing a 
character by character check on the checker’s transcrip- 
tion. The first method was discarded in favour of the 
second after experimental trial. The parallel method is 
wasteful of personnel, apparatus anc time; it requires two 
operators to produce the tapes and when the check circuit 
shows up an error, a third operator has still to produce 
the final tape. Only two stages of operation are required 
in the cascade method and where much data has to be 
prepared the saving of time is considerable. 


Logical Requirements of the System 


In the cascade system, the recorder, working from the 
original manuscript, uses a standard keyboard perforator 
to prepare the first tape. This tape is arranged to have a 
blank section at the beginning and the data is perforated 
in blocks of numbers. Each digit of a number is repre- 
sented by a row of holes on the tape, the blocks being 
separated by sections of blank tape. If the recorder is 
aware she has made an error she is permitted to correct 
it by back-spacing the tape and obliterating the incorrect 
character by overpunching it with a “cancel” character. 
For obvious reasons this is chosen to be the “all holes ” 
character. 

This tape is handed with the original manuscript to the 
checker, who loads the tape on to the tape reader of the 
checking device. Working from the same manuscript the 
checker types on the keyboard of a teleprinter fitted with 
a perforating attachment, thus producing a new tape. Each 
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character that she records must be compared with the 
corresponding character on the first tape. Thus the tape 
reader must step to the next row of holes on the tape each 
time any of the teleprinter keys is depressed. The reader 
must automatically step past any “cancel” character on 
the original tape. 

Sections of blank tape are never required to be 
checked, and therefore it is also desirable that the reader 
should automatically step past blank tape. This would 
mean, however, that there would be no sections of blank 
tape on the final tape. Consequently the checker is pro- 
vided with a key enabling her to “run-out” any number 
of spaces from the keyboard at any point on the tape with- 
out stepping the reader or activating the comparison cir- 
cuits. The initial tape is loaded on to the reader at any 
point on the first section of the blank tape. After the first 
teleprinter key is depressed, the tape automatically runs 
through the reader and comes to rest on the first character 
which is not blank tape or “all holes.” 

The checker might easily lose her place in the manu- 
script and must therefore be provided with a means of 
knowing which character she last recorded. A register 
of five lamps is provided for this purpose which displays 
the binary code of the character last sent from the key- 
board. 

Provided that agreement is found between keyboard and 
reader characters the checker is permitted to continue. 
As soon as a disagreement is noted, the system must auto- 
matically “lock-out.” When this occurs, the keyboard 
of the teleprinter is rendered inoperative, a red “error” 
lamp lights and no further action can take place. 

The operator must first decide whether the disagree- 
ment is a result of her own error (“ Checker’s error”) or 
whether it is due to an error on the first tape (“ Recorder's 
error”). This she can do by examining the five keyboard 
register lights. If it is her own error she must back space 
her tape which must render the keyboard operative in 
order to permit her to “cancel” the wrong character (in 
the same way as the recorder, i.e., by pressing the “ cancel 
key on the keyboard) and to insert the correct character 
from the keyboard. She must not, however, be permitted 
to continue before she has checked that the character 
inserted is really the correct character and consequently 
her keyboard is once again rendered inoperative. She is 
provided with an AGREEMENT CHECK button which she 
must press at this point before she can continue. If she 
has corrected the error, the error light goes out and her 
keyboard is reconnected. If she has made a second mis- 
take the error light remains on and she must back-space 
again and repeat the “ checker’s error” correction routine. 

If she finds that the error is not her own, she must then 
confirm that it is a recorder’s error, by examining the tape 
on the reader. For this reason, the tape guide on the top 
of the reader is made of transparent material, so that she 
can read the tape without removing it from the reader. 

Recorder’s errors can only be of three types : — 


(1) One or more wrong characters may have been pet- 
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forated by the recorder instead of the same number 
of correct characters. 


(2) The recorder may have omitted a character or group 
of characters. 


(3) The recorder may have inserted an extra character 
or group of characters. 


The correction procedure is different in the three cases. 
If there is a single wrong digit on the original tape, the 
checker presses 2 WRONG CHARACTER switch which causes 
the wrong digit to be ignored. (This is permissible as the 
correct character has already been perforated by the 
checker on her tape). The error light goes out and she 
can proceed normally. 

If digits have been omitted she presses the CHARACTERS 
OMITTED switch. This reconnects her keyboard and she 
can then insert the remainder of the missing digits and the 
succeeding digit from the keyboard. She must again check 
for agreement before she is permitted to continue. 

Where extra characters have been inserted on the 
original tape she presses a CHARACTERS INSERTED switch. 
This permits her to advance the original tape past the 
inserted digits, one row of holes at a time, by means of 
a STEP READER button until the next correct character is 
reached. Once again she must check for agreement before 
she is allowed to proceed. 

It is essential to have some way of ensuring that the 
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Fig. 18. The tape checking device 















































checker has made the corrections properly. In order to 
do this a printed proof tape is produced which gives a 
complete record of the checker’s action. A checker’s error 
is indicated by a black asterisk following the incorrect 
character. Recorder’s errors are indicated in red. A single 
red asterisk indicates a single wrong character corrected. 
Characters omitted by the recorder appear in red. Two or 
more red asterisks indicate that unwanted characters have 
been deleted by the checker. The first asterisk indicates 
a recorder’s error and the remainder give the number of 
characters deleted. A scrutineer can thus quickly check all 
the corrections, once again referring to the original manu- 
script, to ensure that they have been made correctly. 


Brief Description of Apparatus 

_Fig. 18 shows a simple block schematic of the four 
pieces of equipment which form the tape checking device. 
The keyboard teleprinter, which is fitted with a standard 
perforating attachment and a tape carriage, has had 
several non-standard modifications made to it. A set of 
contacts has been fitted to the coding bars so that the 
character can be transmitted to the checking circuits and 
the keyboard register lamps. It is, of course, appreciated 
that comparison carried out from these contacts will not 
take account of punching errors due to maladjustment of 
the perforating attachment. Ideally, a reading station 
immediately following the punches is required, but this 
Is not a practical proposition. A special solenoid has been 
fitted to the teleprinter to immobilize the keyboard clutch 
for rendering the keyboard inoperative and another to shift 
the ribbon, to give the two-colour printing on the proof 
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tape. Contacts. have been fitted to the back-space button 
and the “ cancel” key (15) on the keyboard. 

The reader is electro-mechanical and is of a type 
originally developed by the Mathematical Laboratory, 
Cambridge for use on EDSAC. The reader has five peckers 
which sense the holes in the tape in parallel, and is fitted 
with two solenoids, one for withdrawing the peckers and 
one for feeding the tape. The operation of the solenoids 
is fully interlocked by a relay circuit which need not be 
described here, to prevent, for example, the movement of 
the tape before the peckers are withdrawn. If a 50 volt 
signal of short duration is sent to the reader it steps to the 
next row of holes. 

The third item is a control panel (Fig. 19) fitted with 
keys, buttons and lamps. The five keyboard register lamps 
are fitted at the top of the panel. In the case of an error 
they indicate the last character typed before the system 
locked out. A green “ready” lamp indicates to the 





Fig. 19. The control panel showing the keys, lamps and buttons required 
for correcting errors 


operator that the keyboard has been rendered operable. 
Two red error lamps are fitted, the first giving a general 
error indication and the second a special indication during 
the checker’s error correction sequence. The control panel 
also carries the other keys and buttons concerned with 
the correction of errors. The RuN-ouT key is also fitted 
to this panel. 

The last item of equipment is a panel of 39 relays, 
which perform the logical operations required by the 
system. 

The CANCEL key on the keyboard transmits to the tele- 
printer a signal in which all the information elements are 
“ mark ” elements. This “all mark” signal is arranged to 
print an asterisk; hence the black asterisk for checker’s 
error. During the correction of recorder’s errors (1) and 
(3), an artificial signal must be sent to the teleprinter so 
as to indicate on the proof sheet that the correction has 
been made. The most convenient signal to simulate in an 
external circuit is the “all mark” signal, which again 
prints an asterisk. In order to distinguish between 
asterisks relating to checker’s and recorder’s errors the 
ribbon is shifted and is not reset until after the next 
character has been sent from the keyboard. In this way 
the recorder’s errors are indicated by red asterisks. 
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Operating Procedure 


A highly simplified block schematic of the operating 
procedure is shown in Fig. 20. Each stage will be considered 
in more detail. 


NorMAL CYCLE OF OPERATION (Fig. 21.) 

The checker depresses one of the teleprinter keys and 
the character is perforated and stored in the teleprinter. 
The previous character is printed on the proof tape. The 
keyboard is temporarily immobilized while the reader 
steps to the next row of holes 
in order to allow the reader to 
step on if this character is either 


ERROR INVESTIGATION 


The steps of the error investigation, as described in the 
logical requirements, are set out in Fig. 22. This investi- 
gation enables the checker to decide whether a checker’s 
error or a recorder’s error has been made. 


CHECKER’S ERROR CORRECTION 

The operating procedure for the correction of a checker’s 
error is shown in Fig. 23. An interlock has been pro- 
vided to ensure that the operator first presses the “ cancel” 
key. If she depresses any other 
key instead, the keyboard is 
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Fig. 20. Operating procedure 
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CHECK button is pressed too early in the sequence (e.g., 
after the “cancel” key has been pressed). 


RECORDER’S ERROR CORRECTION 

The correction routines for the three types of recorder’s 
error are shown in Fig. 24, 25 and 26. The asterisks 
stored, during the WRONG CHARACTER correction and the 
CHARACTERS INSERTED correction, are the result of the 
artificial “ all-mark ” signal which is sent from the relay 
control circuits when the WRONG CHARACTER key, the 
CHARACTERS INSERTED key or the STEP READER button is 
pressed on the control panel. 


Relay Circuits 
The complete relay circuit is shown in Fig. 27. It con- 


ning of the reader cycle, so that when the contact SR, 
operates—as a result of the operation of CB—relay B 
releases. The contact F, makes again at the end of the 
cycle indicating that the reader has come to rest. 

As previously explained it is necessary to make the tape 
reader step past the “all holes” character and blank tape. 
The circuit which recognizes a character other than these 
two is known as the character detector. The operation 
of the circuit is based on the fact that with any character 
other than “all holes” or blank tape, the state of at least 
two adjacent tape contacts will differ. The two coils of 
each of the four high-speed relays CDA-CDD are con- 
nected so that they oppose each other. If both coils are 
energized the relay does not operate, but if either of the 
coils is energized alone then the relay will operate. Thus 
















































































































































































RECORDERS PRESS AND PREVIOUS ERROR RIBBON SHIF Normal Cycle 
KEYBOARD AND RESETS 
—— ERROR 4 RELEASE > CHARACTER — CAMP + —F —_ \ 
( Wrong WRONG CHAR} PRINTED, OFF RECONNECTED AFTER NEXT ( Fig 21) 
character) ACTER KEY STORED CHARACTER 
Fig. 24. Recorder’s error correction (wrong character) 
Recommence error investigation 
(Fig.22) : nt wg 
i Cycle 
(Fig.21) 
Disogreement Agree- 3 \ 
‘ TYPE CHARACTERS uP ment 
RECORDERS , PRESS , RELEASE . PRESS 
ERROR CHARACTERSL_| RIBBON KEYBOARD | |TO ANDINCLUDING | | TcHaRacters|. | RIBBON KEYBOARD aGreement| # | ERROR | | | KEYBOARD 
#1 (Characters OMITTED” [>] SHIFTS CONNECTE! prom hgh aaa ag Tr RESETS IMMOB- CHECK - a ECONNECTEL 
Omitted) KEY (Locking) REGAINED KEY ILIZED BUTTON 
Fig. 25. Recorder’s error correction (characters omitted) 
At, 
je 
Yes 
PRESS AND RED ®& READER TEST FOR 1s 
b RELEASE | PRINTED AND Isteps TO REAL le AGREEMENT 
STEP READER ANOTHER NEXT ROW CHARACTER REGAINED? 
BUTTON # STORED 
| x 
| Yes 
Agree Normol 
‘ PREVIOUS RIBBON | PRESS  |ment 
ea PRELEASC. | [cHARACTER| | SHIFTS AND AGREEMENT ERROR Keyeoarp |Cycle 
Piccharacters CHARACTERS PRINTED. [> Beets APE CHECK OFF RECONNECTEDT Ee 21) 
Inserted ) INSERTED KEY # STORED CHARACTER BUTTON 
























































Disagreement 


Recommence error investigation 
(Fig.22) 


Fig. 26. Recorder’s error correction (characters inserted) 


sists of 14 P.O. Type 3000 relays and 25 Siemens high- 
speed relays. The circuits:operate as follows :— 


SEQUENCE INITIATION 

When any key is depressed on the teleprinter keyboard 
a contact inside the teleprinter known as the transmit- 
receive contact operates relays TRA, TRB and TRC, which 
Telay the action of the transmit-receive contact to other 
parts of the circuit. The high speed relay § is also operated 
and in turn operates relays CA and CB which lock in via 
CA, thus removing the short-circuit from relay R. R, 
Operates and short-circuits the coil of relay S which now 
Teleases. CB, operates the step reader relay SR. 


READER STEP AND CHARACTER DETECTOR CIRCUITS 

Relay CB in the sequence initiation circuit is used to 
Step the reader. Contact CB, closes and provides an 
earth path for relay B. The contact of B sends 50 volts 
to the tape reader causing it to step. The circuits in the 
tape reader cause the contact F, to operate at the begin- 
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if all the tape reader contacts are earthed (“all holes”) then 
all the coils are energized and none of the relays operate. 
Similarly if all the tape contacts are open none of the 
relays operate. For any other state of the contacts at 
least one of the relays must operate. If therefore the code 
on the tape is either all holes or blank tape none of the 
contacts CDA,-CDD, will have changed over, and at the 
end of the reader cycle the contact F, will apply an earth 
to relay B causing the tape reader to step. This process 
continues until a character other than “all holes” or “blank 
tape” appears on the tape. One of the contacts CDA,-CDD, 
will then operate and the earth is presented to the com- 
parison circuit contacts. 

Leads are taken direct from the tape reader contacts to 
the comparison circuit. 


KEYBOARD REGISTER 

In order that intelligence may be transmitted from the 
teleprinter keyboard in a parallel form, a contact is fitted 
to each of the five coding bars of the teleprinter such that 


ELECTRONIC ENGINEERING 















Aojay 
2d4, OOOE Od — 


nonde Brae | SI] 
sj10> 
hoyaes pede youn — aa 


Ajay paads yorH Eun 
| AS MOD AV au 


2 (w7¥>) 
4232030yD buc’m ajbuISs 
| (¥/ 5) p234298uyj $32320,0y5 n 
¥ (¥OD)P2331WO $4232030y> AQS- 
































ae 
¥ 





symaay> Avjas ayy “LZ “314 


pee | "Wid 


40932329 
429202045 adoy 
l 





PANES) ne 
a 
i 














2pwo> 3203U00 day = 
Fs 3dh, 2>0ds-420q 

s! Wee fo 
sayusadayay 2 


¥Ow) fay ynouny | ——y59y5 2" sioiay 
quawasiby burg32s2y Yoggiy PUD 4123>D;DYy> puczas 


2 
'p F 
<i 
| 


j 
it plousjoS 








gaa 




















tT 
Sursiys voaqry MIS Sogsis) 





ct 


























] —— 























SUNDIID yd0}123u; puo 40443 $49422yD 


t 
YPaInjD puveg hay 


1811994} 


jae | 








- $3201U05 


L__sspewn sts 








shojay 
uosis0dwo> 
































4apoay 
ods 






































aioe — I LE §}203 


parece ———_ i. 
J>poray d23s 





















































42931 bay pavoqday 


1954 


SEPTEMBER 


ELECTRONIC ENGINEERING 








eae SSE SSS SES 


eo? ore 














each key on the keyboard sets up the contacts in a binary 
code which represents the decimal numeral required. The 
circuit comprises five double wound high speed relays. One 
half of each coil is operated from one keyboard contact. 
The other half coil is connected to the normally made 
side of the relay contact so that this half winding is short- 
circuited and connected to earth via the contact §,, the 
supply voltage being developed across the resistor. Now 
if an earth is applied to the first half coil the relay will be 
energized and the contacts will change over, removing 
the short-circuit from the second half coil, which is now 
energized via the resistor and serves to lock in the relay. 
The normally off contacts are connected to the five lamps 
mounted on the control box. 

During normal operation the register is first reset by the 
operation of the contact S, as previously described. This 
removes the earth path for the relays which then release. 
After the register is reset, the serial operation of the con- 
tacts CB, and SR, present an earth path via the keyboard 
contacts for about 15 milliseconds, allowing the new code 
set up on the contacts to be transferred to the register. 

Leads are also taken from the normally off side of the 
relay contacts, to the comparison circuit. 


COMPARISON CIRCUIT, CORRECT CHARACTER CIRCUITS AND 
ERROR DETECTOR 

The coils of the five relays EDA to EDE which form 
the comparison circuit are connected in opposition to each 
other as in the character detector, so that if the condition 
of any tape reader contact differs from that of the corres- 
ponding keyboard contact the comparison circuit relay 
concerned will operate. 

If the settings of the keyboard register and tape reader 
contacts agree none of the contacts EDA,-EDE, will operate 
and an earth path will be applied to relay D via the 
character detector contacts and the F, contact in the tape 
reader. Since the contact TRA, is made during the 
teleprinter cycle, relay D will lock in through its own con- 
tact to earth. The contact D having operated, removes the 
earth path for relays CA and CB and resets these relays. 
At the end of the teleprinter cycle the transmit-receive 
contacts reset to the receive side and the relay TRA is 
released. This in turn releases relay D, and its contact 
now completes the short-circuit across the coil of relay 
R; thus the short is removed from relay S and the sequence 
is complete. 

If there is disagreement between the keyboard and the 
reader then at least one of the contacts EDA,-EDE, will 
operate and apply an earth to the two error detector 
relays EA and EB. These two relays will lock in via 
EA,, U, and the control box key CREK. 

The operation of these two relays sets up the various 
eto clearing circuits and completely immobilizes the key- 

oard. 


KEYBOARD CLUTCH CIRCUIT 

As previously explained it is necessary to immobilize 
the keyboard while the comparison circuits operate. This 
means that all characters are treated as incorrect until 
shown to be correct. The reason for this is that the reader 
stepping time plus the comparison time is very nearly 
equal to the teleprinter cycle time. Thus since the error is 
not detected until a new character is about to be typed by 
the operator it is better and easier to immobilize the key- 
board from the beginning of the cycle rather than trying 
to effect the immobilization in the very short time which 
actually exists between the recognition of an error and 
the completion of the teleprinter cycle. In practice the 
keyboard is immobilized by means of a solenoid latching 
mechanism attached to the keyboard clutch detent control 
shaft. The latch is normally. engaged, preventing the 
operation of the clutch. When the solenoid is energized the 
latch is disengaged, allowing the clutch to operate. 
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The keyboard is ‘immobilized by removing the earth 
path for the keyboard clutch solenoid just after the tele- 
printer cycle commences using the contact CB,. If the 
character is correct then this contact remakes just after the 
end of the teleprinter cycle, causing at the worst only a 
slight impediment to a very fast operator. In practice long 
and continuous fast operation of the keyboard is required 
before this is experienced. The arrangement of the circuits 
prevents re-operation of the sequence initiation section 
until the previous operation is complete. If the comparison 
indicates an error, the error detector relays operate and 
break the contact EA,, thus completely immobilizing the 
keyboard. 


CHECKER’S ERROR AND INTERLOCK CIRCUITS 

When the punch attachment back-space key is pressed, 
a contact on this key operates the relays CEA and CEB 
which then lock in via the contact CEA,. The keyboard 
clutch solenoid is energized via CEA,. 

In order to ensure that the operator types neither more 
nor less than two characters the three relays, K, L and O 
are used. With the two relays CEA and CEB operated 
the contact TRB,, which operates at the beginning of the 
teleprinter cycle, will operate relay K via contact CEA,. 
When 7RB, resets at the end of the cycle an earth is pro- 
vided via the contact K, so that relay L operates and locks 
in via CEB, and its own contact L,. At the beginning 
of the next teleprinter cycle the contact TRB, again 
operates relay K. This time when the contact K, 
operates there is no longer a short-circuit across the coil 
of relay O which operates and locks in. This relay, the 
“second character” relay, is arranged to operate slowly 
so that at the end of the first teleprinter cycle it*is un- 
affected by the momentary removal of the short-circuit. 

The operation of relay O removes the earth path from 
the keyboard clutch solenoid ensuring that no more than 
two characters can be typed. The operator now presses 
the AGREEMENT CHECK button which operates relay U, 
and provided that the settings of the keyboard register 
and tape reader contacts. now agree, the relays EA and 
EB will be released by the contact U, and allow relay D 
to operate via the contact EA,, thus resetting the circuit 
as for a correct sequence. It can be seen that should the 
operator press the AGREEMENT CHECK button after typing 
one character only, relay U will not operate because relay 
O will not yet have operated and the operator is forced to 
type one more character before agreement can be sought. 

In order to ensure that the first character she types is im 
fact the “all holes” character (15) a contact is fitted to the 
“15” key of the teleprinter keyboard. This contact 
operates relay CR which then locks in via its own contact. 
It can be seen that if any key other than 15 is pressed in 
error then, since the relay CR does not operate, the contact 
K, causes relay X to operate. This immobilizes the key- 
board clutch and changes over the back-space earth path 
so that to resume operation the operator must again back- 
space the tape. The back-space contact now releases X 
thus permitting the correction sequence to be recom- 
menced, 


RECORDER’S ERROR AND RIBBON SHIFTING CIRCUITS 

The WrRoNG CHARACTER key operates the contact CREK, 
which removes the locking path for the relays EA and EB, 
and operates D through the contact J,. The relays CA, 
CB, and*in turn SR are released and the error condition 
is effectively cleared. 

The printing of the asterisk is effected by the relays G 
and H. When the key is operated the contact CREK, 
provides an earth path via the contacts C/K, for the relays. 
Relay H is a high speed relay and has time to operate 
before the contact G, opens and removes its earth path. 
Thus the contact H, operates for about 15 milliseconds 
and sends what is effectively the start element of an “all 
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mark” signal to the teleprinter. This is arranged to select 
the asterisk character on the teleprinter typehead. Relay 
G also causes J to operate and lock in via the contacts 
J, and L. 

Thus when the WRONG CHARACTER key is released an 
earth path is provided for the ribbon shift solenoid. This 
solenoid actuates the ribbon jumper so that the red portion 
of the two-colour ribbon is opposite the typehead. During 
the next cycle the asterisk is printed in red and at the end 
of the cycle the ribbon resets. This is achieved by contact 
TRB, which operates relay K during the cycle when the 
asterisk is printed. At the end of the cycle when the con- 
tact TRB, releases, relay L operates via K, and locks in 
through its own contact L,. This releases relay J which 
resets the ribbon shift solenoid. Relay K and relay L are 
released in turn. The pressing of the CHARACTERS OMITTED 
key causes the contact COK, to operate the ribbon 
shift solenoid directly, thus preparing the teleprinter 
for printing in red. The contact COK, provides 
an earth path for the keyboard contacts while the 


Constructional Features 

A photograph of the checking device is shown in Fig. 28, 
The tape reader and control box are on a separate small 
table at the side of the operator. The relay circuits are 
mounted on two panels housed in a dust-tight box, the 
box forming the back support for the teleprinter table, 
This can be seen in Fig. 29. The two panels are mounted 
on a hinged frame which opens to give access to the inter- 
connexion wiring behind the panels. 


Conclusions 

With a design problem of this nature it is absolutely 
essential for the user to make a detailed study of the 
requirements, in order to discover at the outset the essen- 
tial logical processes involved. 

In the early stages of the study, the operating routine 
was changed many times in order to arrive at a system 
which would fully meet the requirements of the users and 
would result in the apparatus being easy for the checker to 





Fig. 28. General view of the tape checking device showing the teleprinter, 
tape reader and control panel 


The operator sits at the teleprinter keyboard with the original manu- 
script on her left-hand side, and can swing round to examine the reader 
and make corrections using the control panel 


contact COK, prevents the two relays EA and EB from 
being reset while the key is down. 

When the AGREEMENT CHECK button is pressed the lock- 
ing earth path for the two error relays EA and EB is 
removed and if there is now a correct comparison these 
relays reset. The contact EA, then allows relay D to 
operate which in turn releases the relays CA, CB, R and 
SR. Checking can now continue. 

When the CHARACTERS INSERTED key is operated the 
contact COK, provides an earth path for relays, G, H and 
in turn J to operate as for the wrong character operation. 
This causes the “all mark” signal to be sent to the printer. 
When the key is released the ribbon shift solenoid 
operates. The STEP READER button now operates the relay 
SSR, operating both relay B, which steps the reader, and 
relays G and H to send the “all mark” signal to the printer. 
When the AGREEMENT CHECK button is pressed relay D 
operates if there is a correct comparison and resets the 
circuits as before. The ribbon. 1s reset during the next 
teleprinter cycle as explained for the wrong character 
operation. 

The Run Out key on the control box disconnects the 
transmit side of the teleprinter transmit-receive contacts 
from the sequence initiation relays by means of contact 
ROK, so that the checking circuits are not stimulated and 
the keyboard remains mobilized. 
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Fig. 29. Relay ‘control circuits at the rear of the teleprinter table 


The panel is hinged on the left-hand side and swings open to give access 
to the wiring behind 


use. However, once the requirements had been clearly 
formulated the design of the relay circuits was straight- 
forward. A prototype was constructed and after a few 
weeks’ operational experience certain interlocks were 
added, (e.g. checkers’ error correction) as a precaution 
should any ingenious attempt be made by the operator to 
circumvent the prescribed operating routine. 

Our experience with the apparatus over a number of 
months has demonstrated that it is fully satisfactory for 
its purpose, provided the relays and mechanical parts are 
well maintained and special attention is given to the per- 
forating attachment, for the reason mentioned previously. 
Four further instruments are in the process of construction. 
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The Design of 


High Efhciency 


Radio Frequency E.H.T. Supplies 


By J. Barron*, M.A. 


The basic problems involved in the design of radio frequency £.H.T. supplies are discussed. The 

practical difficulties and the difficulties of theoretical design associated with air-cored step-up trans- 

formers for the production of high voltages are pointed out. It is shown that the use of a ferro- 

magnetic core eliminates many of the difficulties, and alleviates others. A simple procedure for 
for the design of £.H.T. supplies is presented. 


— frequency E.H.T. units are now widely used for 
several reasons. By working at high frequencies the 
size and weight of an E.H.T. transformer may be greatly 
reduced compared with those of a power frequency trans- 
former of the same ratings. Owing to the use of high 
frequencies, the capacitance of the reservoir and smoothing 
capacitors may be reduced considerably. A _ further 
advantage is that the high frequency supply is usually non- 
lethal, because of the low stored energy, and because of 
the fact that an accidental overload quenches the power 
oscillator. Where normal u.T. and heater supplies are 
already available, as often is the case, radio frequency 
E.H.T. units become economical to construct for voltages 
in excess of about 1kV. 


Air-Cored Transformers 


REQUIREMENTS 

It will be helpful briefly to discuss the design and 
properties of air-cored transformers, so that the inherent 
theoretical and practical difficulties may be understood. 
An excellent paper by Schade’ gives an analysis of the 
tuned step-up transformer as applied to radio frequency 
high voltage supplies. The essential requirements of the 
transformer are shown to be that it should have high 
unloaded Q factors for both primary and secondary wind- 
ings, that the secondary coil should have as high ‘a resonant 
impedance as possible, and that the coupling between 
windings should be as tight as possible. 

Considering the secondary winding alone it is obvious that 
the power loss on no load for a given generated voltage will 
be a minimum when the resonant impedance is a maximum. 
The power loss due to the load current will be least when 
the secondary loaded Q is a maximum. In practice the 
second loss is usually small compared with the first. The 
primary loss is obviously least for a maximum primary 
unloaded Q. The maximum step-up ratio in the trans- 
former is secured when the coupling is critical, but this 
condition is useless in practice for two reasons. With 
critical coupling the maximum power transfer to the 
secondary is half the input power so that the efficiency of 
the transformer cannot exceed 50 per cent. Secondly, the 
critical coupling coefficient depends upon the secondary 
Q, and therefore upon the load resistance, so that the 
Step-up ratio varies with the load, and voltage regulation 
is poor. To obtain higher efficiency and better regulation 
the coupling should be as as high as possible, and much 
greater than the critical value. The critical value for the 
loaded transformer is made smaller by increasing the 
loaded Q of both primary and secondary. A further 
requirement is that, for satisfactory oscillator operation, 
the loaded Q as seen from the primary terminals should 
not be much less than 10 for a single ended oscillator, or 
5 for a push-pull oscillator®. 





* Cavendish Nuclear Physics Laboratory, Cambridge. 
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PRACTICAL DIFFICULTIES 

To deal now with practical considerations, the anode 
coil may be given a high Q factor by wavewinding with 
Litz, and normally does not cause any difficulty. The 
secondary coil is more troublesome, because of the large 
number of turns, and because of insulation requirements. 
The secondary is usually wavewound in thin spaced sec- 
tions, but may be pile wound upon a suitably slotted 
former. Either process as normally carried out renders the 
coil rather expensive. The design of the transformer must 
commence with the secondary coil, which usually must be 
designed empirically, since calculations of self-capacitance 
are extremely difficult and approximate. A given secondary 
coil is suitable for use with only a limited range of load 
resistances, since the load must be low compared with the 
secondary resonant impedance, and at least 5 or 10 times 
the inductive reactance of the secondary at resonance, to 
ensure satisfactory oscillator operation and high efficiency. 

A further problem arises concerning insulation. A par- 
ticular coil will possess a limiting output voltage, beyond 
which it will break down electrically. When this voltage 
is reached, it is necessary either to increase the pie spacing, 
or to add further pies, in order to obtain higher output volt- 
age. This rapidly becomes unprofitable, since the added pies 
do not couple tightly to those already present, and further, 
in order to retain a maximum Q factor, the coil diameter 
should be increased in proportion to its length. These 
problems set a limit to the Q value, and the resonant im- 
pedance of the coil which can be obtained economically. 

The limitations are shown by the fact that the average 
commercial unit has an overall anode efficiency of about 
20 per cent and assuming that the valve efficiency is about 
60 per cent, this means that the transformer efficiency is 
limited to approximately 45 per cent, allowing for the 
rectifier heater power also supplied by the oscillator. Such 
supplies usually work at frequencies in the 100kc/s region, 
so that it is not possible to avoid rectifier heater supplies 
by the use of metal rectifiers. 

A further difficulty caused by insulation requirements 
is that of obtaining tight coupling between the anode and 
E.H.T. windings. The limit obtainable in practice is about 
20 per cent coupling. In designing a transformer for a 
particular output voltage the maximum coupling must be 
found experimentally, and, of course. the number of turns 
on the anode coil will depend upon the coupling obtained, 
so that the design process is complicated. 

Finally, in order to eliminate parasitic oscillations, and 
to prevent jumps in oscillation frequency from one to the 
other of the peaks in the secondary resonance curve it is 
essential that the grid and anode windings be at opposite 
ends of the £.H.T. coil. This in turn leads to further insu- 
lation problems, and causes the induced grid voltage of the 
oscillator to become proportional to the secondary current 
instead of to the anode voltage swing. This may cause 
regulation troubles. 
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Ferro-magnetic Cored Transformers 


Many of the above difficulties can be eliminated if a 
ferro-magnetic cored transformer is used, provided that 
additional power loss is not introduced by the core. The 
use of laminated cores is obviously uneconomical, and dust 
cores would not yield a great improvement. By the use 
of a core of Ferroxcube, however, significant improvements 
can be made. The method of design and construction to 
be described has been developed in the Cavendish Labora- 
tory during the past three years, and’ several different units 
have given trouble free service over this period. 
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LOCKING RING 
Fig. 2. Construction of the E.H.T. coil former 


The main advantage in the use of a ferro-magnetic core 
is that the coupling may be taken as 100 per cent, so that 
voltage ratios are determined solely by turns ratios, and the 
design becomes that of a normal power transformer. The 
regulation obtained is practically that of the power oscil- 
lator alone, and the design of the E.H.T. coils is 
standardized. This leads to very convenient methods of 
design of units for varied applications. 

Fig. 1. shows a drawing in section of a complete trans- 
former, and Fig. 2. gives details of the construction of the 
E.H.T. coil former. It will be seen that the E.H.T. coil is 
pile wound in five sections in the slots of the former, which 
is moulded in polystyrene, and is placed outside the oscil- 
lator anode coil upon one limb of the core. It has been 
found in practice that the self-capacitance of a coil wound 
in this way is not much greater than that obtainable by 
wavewinding in pies, and the winding of the coil is far 
simpler in this form. The inside of the E.H.T. former 
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is coated with graphite, and makes contact with a 
grounded copper screen between the former and the 


anode coil. This arrangement was adopted in order 
to prevent charges from building up on the inside 
of the former and possibly causing corona and 
sparking in the air space between the former and the 
anode coil. The oscillator grid coil is placed upon the 
second limb of the core. Rectifier heater windings, and any 
other heater windings which may be required, are wound on 
the outside of the E.H.T. former. According to insulation 
requirements, either P.v.c. covered wire, or polythene insu- 
lated coaxial cable with the outer braid removed, is used, 
Other windings, when necessary, may be placed over the 
grid coil. 

In order to obtain design data, several formers were 
wound with various gauges of enamelled wire, and their 
resistances and self-capacitances measured by means of a 
Q meter at frequencies in the region of S0kc/s. During 
these measurements the core was not used, but the internal 
shield was earthed, as was the low potential end of the coil, 
Average values of these quantities are given in Table 1 
under R, and C,. All the coils used work at frequencies 
below 200kc/s, and it was found sufficiently accurate to 
use a value of 50 for the Q of the Ferroxcube core, indepen- 
dent of frequency. Measurements of permeability were 
made on several cores, using flux densities between 200 and 
3000 gauss, and it was found that an average value of 
2 500 would be sufficiently accurate for practical purposes. 
These values of Q and permeability were used in calculating 
Table 1. It was found during the measurements of self- 
capacitance and resistance, that the Q value of any of the 
coils at frequencies up to about 150kc/s could be calcu- 
lated with fair accuracy by using the pD.c. resistance of the 
coil in the usual Q formula. Owing to the tightness of the 
coupling, it is unnecessary to tune the anode coil to resonance 
with the secondary. In fact it is undesirable to do so, since 
tuning the anode coil is equivalent to doubling the capacit- 
ance of the secondary winding, and thus reducing its 
resonant impedance by a factor of 2. The range of wire 
gauges used is limited for two reasons. It is difficult to 
wind finer wires than 44 s.w.c., and if thicker wire than 
32 s.w.G. is used, the insulation radially down the slots may 
be inadequate. Furthermore, the operating frequency 
becomes inconveniently high. For these reasons, data is 
given only for coils wound with wire from 32 to 44 s.w.c. 
inclusive. 

It now remains to determine the optimum air-gap in the 
core for the various coils. This is done by finding the 
conditions which make the resonant impedance of the 
secondary a maximum. 

Let Lo, Co, Ro be the inductance, self-capacitance, and 
D.c. resistance of the coil, with no air-gap in the core, and 
let wo be the resonant angular frequency under these con- 
ditions. 


Then 
wo? LoCo = 1 
Further, let Q.. be the Q of the coil with no air-gap, and 
neglecting core losses. Then 
Ooo = Woluo/ Ro 


If now an air-gap a is introduced, and the core has 
length /, and permeability u, we have 





t = _bo 
1+x 
@x = woV(l x) 
Ooo 
Qe= V(1 + x) 
where x = au/I. Let Qui be the Q factor of the core with 
no gap, then 
Qxi = Qoi(l + x) 
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and if Qx be the effective coil Q with an air-gap, including 


core losses, 

ws QriQxe 
Q ba Qui + Ox 
Whence 
QoiQoe V (1 + x) 


Q = Qd + 2) + Qu/ V+ a) 
The resonance secondary impedance is given by 
Rx = wrLxQ, 


os WcLoQocQoi 
wd Qai(l ‘+ x) + Qo./ Vil + x) 


Putting dRx/dx = 0 to obtain the maximum value of 
Rx, we obtain the following results: 


1 + x = (Qoe/2Qui)?!* 

Wx = Wo(Qoe/2Qoi)'/* 

Qx = (2QciQoo”)*/*/3 

Rx = wolo(4Qoi?Qoc)'/*/3 
oxLx = wolo (2Qoi/ Qoc)"/* 


The values in Table 1 were calculated from these 
formulae. In each case, 6pF was added to the value of C. 
before substitution in order to allow for wiring and recti- 
fier stray capacitance, and for the small capacitive com- 
ponent of the load presented by the rectifier. This allow- 
ance for strays was found by experience to be a fairly 
good average value. High accuracy is unnecessary, because 
the curve of efficiency against air-gap has a broad maxi- 
mum, and small errors in the various constants affect the 
efficiency only slightly. Other values used in the calcula- 
tions were Qo; = 50, u» = 2 500, 1 = 22:24cm. 








hence Rx 


Practical Design 

In choosing a coil for a given application, the following 
considerations are necessary. When the rectifier arrange- 
ment and the p.c. load to be supplied are known, the effec- 
tive load resistance presented to the transformer may be 
calculated. Let this be Rx. Then, for satisfactory oscil- 
lator operation, since the loaded Q should not be less than 
10 for a single valve, or 5 for a push-pull arrangement, 


the following condition must be satisfied: 
hein S RiRx 

(Ri + Rx) wxLx 
In this case, the transformer efficiency is given by 


eit aie 
es P : 


The relation between Ry and the p.c. load resistance 
depends upon the rectifier arrangement adopted. For a 
half-wave rectifier, Ry is one-half the p.c. load, for a 
voltage doubler it is one-eighth, and for a tripler, one- 
eighteenth. There are therefore several possible values of 
Rx, for any one p.c. load, and improvements in efficiency 
may be obtainable by using an alternative rectifier 
arrangement. 

If voltage multiplers are used with coils operating above 
about 40kc/s, thermionic rectifiers are necessary, and the 
heater power required by the additional rectifiers may be 
greater than the power saved by increasing the transformer 
efficiency because of the lower value of Ri. For frequencies 
below 40kc/s, metal rectifiers may be used, with a con- 
sequent saving of power. In Table 2 are given values of 
p.c. load appropriate to various rectifier arrangements and 
to both single ended and push-pull oscillators, which give 
loaded Q factors of 10 or 5, depending upon the type of 
oscillator circuit used. If necessary, the loads may have 
slightly lower values than those given, though this may 
lead to loss of power and efficiency. 

It will be seen that high transformer efficiencies are 
obtainable for a very wide range of D.c. load resistances. 
Having chosen a coil for a particular application on the 
basis of the foregoing discussion the next step is to design 
a class-C oscillator to supply the necessary power for the 
load, and for valve heaters where required. When this is 
done, the anode and grid voltage swings required will be 
known, and hence the numbers of turns required on the 
grid and anode coils. These are normally single layer coils, 
and the wire gauge is chosen so as to make the length 
of the coil nearly equal to the length of the core limb upon 
which it is to be placed. It is not necessary to tune the 
anode coil to resonance, but it is usually necessary to 
connect a small capacitance of about SOpF across the 
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TABLE 1 
ae a wx L 
GAUGE ; cat | | 
reson TOTAL Co(pF) Lo(H) RQ) |¢y9.001 in.) fx(ke/s). (MQ) | Qx e He 
32 800 69 1-15 36 63 180 0-069 | 634 | 43-4 
34 1100 7 2:17 66 51 119 0103 | 522 | 539 
36 1600 73 4-60 140 39 71 0169 | 403 | 681 
38 2500 79 11-23 350 27 38 0305 | 290 | 88-4 
40 3800 8-6 25:95 800 19 21 Se ee 
42 5100 9-4 46-74 1440 15 13-5 oa | tm | 
44 7800 11-0 109-3 3360 ei te 1-294 128 166 
TABLE 2 
| MINIMUM D.C. LOAD RESISTANCE MEGOHMS 
| TRANSFORMER 
TOTAL | HALF-WAVE VOLTAGE VOLTAGE es Een ee 
TURNS RECTIFIER DOUBLER TRIPLER 
SINGLE-ENDED PUSH-PULL | 
| OSCILLATOR OSCILLATOR S.E. P.P. S.E. P.P. | S.E. P.P. 
800 mf 0-7 5-6 2:8 12-6 63 | 985 | 993 
1100 21 | 1-0 8-4 4-2 18-9 94 | 981 | 991 
1600 3-5 ! 1-7 13-8 6:8 31-1 le ae nian irks 
2500 6:3 3+1 | 25:3 12-4 569 | 27:9 966 | 98:3 
3800 a 5-3 43-8 21:3 96 | 479 953 | 97-7 
5100 16:0 78 64-0 31-2 144 70-2 943. | 972 
7800 20 2 13-5 112-0 53-9 252 121:3 922 | 962 
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anode coil in order to suppress parasitic oscillations at 
high frequency. This capacitor has a negligible effect upon 
the operating conditions. When large currents are drawn 
by the load, the power loss in the resistance of the secondary 
coil may become noticeable, and must then be allowed 
for. This is readily done in the same way as for normal 
power transformers. A further effect which may be observed 
is a slight variation of operating frequency with load resist- 
ance. One cause of this is the fact that the rectifier system 
acts as a load which has a small capacitive component, 
depending upon the duration of the charging pulse flowing 
into the reservoir capacitor. The duration of this pulse 
depends upon the load, so that variations of load cause 
slight frequency variations. Another cause which arises 
in the case of rectifier systems in which p.c. flows through 
the E.H.T. coil is the change with load of the p.c. magnetiza- 
tion of the core. This effect is also slight owing to the 
air-gap. Neither effect is normally of any practical 
importance. 

From the foregoing discussion, it will be obvious that the 
limitation on efficiency will iow be the efficiency of the 
oscillator itself. To obtain the highest efficiency in the 
oscillator, a power tetrode should be used. The oscillator 
should be designed so that at full load the anode of the 
valve just reaches the knee of the anode characteristic. 
When this is done, the best regulation will be obtained. 
Stabilization of output voltage is readily obtained where 
necessary by control of the screen voltage. It will be found 
that the grid capacitor has an optimum value, which is 
determined by experiment in a given case. The grid capa- 
citor affects the overall efficiency by about 5 per cent. 

In conclusion, three design examples will be given. The 
first two of these have given over two years’ trouble 
free service and the third is an untried design. 


Example 1 

A unit to provide 2-5kV p.c. at 200uA, and 4V 1A fora 
cathode-ray tube heater. Using a half-wave rectifier, the 
A.c. load on the transformer is 6:25MQ. The 2 500-turn 
coil is suitable, and gives a transformer efficiency of 93 
per cent. The H.T. supply is 250 velts, and a 6AQ5 is used 
as the oscillator, with an EYS51 as rectifier. Transformer 
details are: Anode coil 200 turns, grid coil 85 turns, recti- 
fier heater coil 9 turns, tube heater coil 6 turns. The current 
drain is 30mA from the 250V line. Thus the input anode 
power is 7:5 watts, and the useful power output 4-5 watts, 


giving an efficiency of 60 per cent. The regulation from 
no load to full load is 4 per cent. 


Example 2 

A unit giving 66kV pD.c. at 2mA, 4V 2A for crt, 
heaters, and two floating supplies of 300V b.c. at 10mA, 
Using a half-wave rectifier, the a.c. load resistance 15 
1:-65MQ. The 800-turn coil is used, giving a transformer 
efficiency of 96 per cent. An 807 is used as the oscillator, 
and a U37 as the rectifier. The H.T. supply is 650V ata 
drain of 61mA. Metal rectifiers were used for the 300V 
supplies. Coil details are: Anode coil 60 turns, grid coil 
12 turns, tube heater coil 1 turn, rectifier heater coil | 
turn with a dropper resistance, 300 volt coils 36 turns 
each, over grid coil. The input power is 39°6 watts, and 
the useful power output 27-2 watts, giving an overall 
efficiency of 68°8 per cent. The regulation from no load to 
full load is 6 per cent. 


Example 3 

A unit suitable for use in television applications, pro- 
ducing 7:5kV p.c. at 500uA. For a half-wave rectifier, the 
Ac. load is 7-5MQ. The 5100-turn coil is suitable, with 
an EYS1 rectifier or a metal rectifier. A 6J6 used asa 
push-pull oscillator on a 300V supply would draw 20mA 
on full load. Coil details: Anode coil 170-0-170 turns, grid 
coil 20-0-20 turns, rectifier heater coil 6 turns. The overall 
efficiency will be 63 per cent, the regulation about 3 per 
cent per 100uA load current. 
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Empirical Transient Formulae 
For Systems with Flat or Peaked Frequency Responses 


By Z. E. Jaworski*, Dipl.Ing., D.I.C. 


Relation between the amplitude-frequency response of a network and its transient response is studied 


in terms of their respective “shape parameters”. 


The shape parameters of both responses are defined 


and their interdependence is shown graphically for a number of networks. Empirical formulae linking 
the shape parameters of both responses are introduced, 


HE performance of any linear network can be described 

by its frequency characteristic or its transient response. 
The usual practice is to design a system for a given 
frequency response and then check it for its transient 
response. As both responses are the solution of the basic 
differential equation of the system, and the link between 
them is provided by the Laplace Transform, the evaluation 
of the transient is straightforward mathématically, but 
unfortunately it is usually a very tedious and cumbersome 
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job. Added to this lengthy operation is the fact that to 
extract certain data concerning the transient, one is forced 
to evaluate the whole response. Therefore a method of 
evaluation is needed, which would shorten the mathematical 
operation, and give the essential parameters of the step- 
function response, in terms of the main parameters of the 
amplitude-frequency characteristic. 

This article sets out to establish, by correlation data, 
that these approximate relationships can be found for the 
following two classes of networks: 

(a) Those having flat topped frequency response with a 
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single peak at zero (centre) frequency, Ao = Am 
for x = 0, and 

(b) Those having peaked frequency response with two 
equal maxima symmetrical about zero (centre) 
frequency, Ao # Am and Am for xm #0. 


The method used in the investigation was that of trial 
and error, and the resulting formulae are purely empirical, 
with little theoretical support, apart from the fact that 
systems with similar frequency characteristics must have 
transients of similar shape. 


Transient and Frequency Response 

As the shape of the response is of primary consideration 
in this article, we start with a definition of the important 
parameters of both responses. 


(a) THE TRANSIENT RESPONSE 

The term transient response will refer here to the time 
variation Q(t) of the output of a system which has been 
excited by a unit step function. If such a function, having 
an amplitude U = 0 up to a time t = 0, and U = 1 for 
all time ¢ > 0, is applied to a linear system, its output has 




















Fig. 1. Typical transient response 


the general form: 


Ory = 1+ > Kn exp Snt 
where: 


Kn is a coefficient dependent on system parameters and 
the particular root of the equation, and 


Sa is a root of the characteristic equation of the 
system. 


This response can be derived from the differential equa- 
tion of the system by any analytical method or can be 
measured experimentally by taking oscillographic record- 
ings of transient responses from the existing network. An 
ideal network should reproduce any variation of input 
without noticeable distortion. This, however, is not 
physically possible due to the presence of stored energy 
throughout various parts of the system. Consequently, the 
actual transient response has always a definite rise time 
and possibly some transitory oscillation. Such a response 
is found cnly in stable systems and it is to these systems 
that this article is limited. 

eg 1 shows a typical transient response to a unit step. 
where: 


6 is the rise time defined as the time taken by the 
tangent to the response curve (at half of the steady 
state value) to reach the steady state value of the 
response. 


y is the overshoot defined as the difference between 
the first maximum value of the response curve and 
the steady state value. 

pa%) is the relaxation time defined as the time taken 
from the mid-point amplitude of the transient 
response, to the moment when the envelope to the 
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response deviates from the steady state by a pre- 
scribed proportion of the steady state value. 

8 is the time delay defined as the time taken by the 
response curve to reach half of its final value. 

7 is the period of oscillation at the top of the response. 

The above defined parameters will be referred to in the 

rest of the article as the “shape parameters” of the tran- 

sient response. The three parameters of most practical 

importance are, rise time, overshoot and relaxation time. 


(b) THE FREQUENCY RESPONSE 

The term frequency response refers to magnitude and 
phase relationships between the input and the output func- 
tions of the system, when the time variation of the input 
is sinusoidal. If a sinusoidal function: 

Qi oe At eivt 
is applied to the input of a linear network, the resulting 
output: 
Q.(t) = Ay ellot- 9] 

is also sinusoidal, having the same frequency as the input 

















Fig. 2. Typical frequency response 


but a different amplitude and phase. Their ratio: 


Qo/Qi = M(w)e 39) 

independent of time, is a complex function of the net- 
work constants and the angular frequency w. It determines 
the transmission property of the network and is known 
as the frequency characteristic of the system. Being a 
complex function, the frequency characteristic is presented 
graphically by two diagrams, showing amplitude / frequency 
and phase/frequency relations. The graphical representa- 
tion takes precedence over the analytical in cases where 
it is simpler to measure the frequency response than to 
calculate it. 

Another factor to be taken into account is the relation 
between the phase and amplitude characteristics of the 
system. It was proved by Bode that these two charac- 
teristics are strictly related for all minimum phase shift 
networks. As the majority of practical networks are such, 
one is released from the necessity of studying the two 
characteristics separately and remain with the choice of 
either. Because the amplitude/frequency characteristic is 
more commonly used and much easier to determine experi- 
mentally than the phase characteristic, it was decided to 
use the former as the basis for investigation. 

Fig. 2 shows the general form of the amplitude- 
frequency response. 


Here: 


x=w/wo is the normalized frequency taken as the 
ratio of the angular frequency w to some particular 
frequency w. (e.g. resonance frequency) of the 
system. 


Xm is the value of the normalized frequency for 
which the response exhibits a maximum. 
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A, is the frequency invariant giving the amplitude of 
the response at zerc (centre) frequency. 


Am is the maximum amplitude of the response. 


B, is the bandwidth at the level 3db (0-707) below 
zero (centre) frequency value. 


B, is the bandwidth at the level 6db (0:5) below zero 
(centre) frequency value. 


The form of the frequency response shown on Fig. 2 
can be attributed, either to a low-pass network or a band- 
pass one. In the former case x = 0 is the zero frequency 
of the response, and in the latter, x = 0 corresponds 
to the centre frequency of the response. For band-pass 
networks, Fig. 2 represents the response of the network for 
positive frequencies only. The response for the negative 
frequencies is omitted as contributing negligibly to the 
transient. 

The parameters Av, Am, B,, B, are of special interest 
here and henceforth these parameters will be referred to 
as “shape parameters” of the frequency response. 

It was found necessary during the investigation to derive 
amore descriptive shape parameter and the new parameter, 
called the “Form Parameter” was defined as: 


= B, Am 
= B, rye ee 


This parameter is dimensionless and being the product 
of two ratios, is independent of the dimensions of either 
B or A. For flat frequency responses, the ratio Am/Ao 
equals unity, and the whole form parameter reduces itself 
to the simple ratio of B,/B,, which describes the slope 
of the frequency response curve. 

For ideal filters, having a rectangular frequency charac- 
teristic, the value of form parameter Fy, is unity. 


Fy 


Approximate Transient Formulae 


Using the above defined shape parameters, the following 
approximate relationships have been established : 


RisE TIME 

Rise time in the transient response is the measure of 
failure imposed by the physical nature of the network, to 
follow accurately any sudden change of the input signal. 
The usual practice is to decrease rise time as far as other 
considerations will permit. The importance of rise time 
in design is probably responsible for at least three different 
definitions, all of which are in common use today. One 
defines rise time as the time taken by the tangent to the 
response curve (at the maximum slope of its leading edge) 
to reach the steady state value of the response. Another 
defines it as the time within which the transient rises from 
0-1 to 0-9 of its final value, and yet another has it as the 
time taken by the transient to reach 0:85 of its final value 
from the beginning of the transient. 

All these definitions have their justification and it is 
difficult to decide which one should be accepted as stan- 
dard. The one used here is similar to the first of the above 
three and has the additional advantage of being easier to 
determine. These two similar definitions give the same 
results for multi-stage amplifiers where the maximum slope 
tends to occur near the half amplitude point as the number 
of stages increases, and also in the case of ideal filters 
where the maximum slope occurs at exactly half ampli- 
tude. Using our definition of rise time the well-known’ 
formula : 


Pee A ais sasaewsckes eas (2) 
was calculated for all the systems under consideration. 
The results are plotted on Fig. 3 in the form of 6B, 
against the different values of the overshoot. 

It can be seen from this diagram that the average error 
introduced by this formula is not greater than 15 per cent. 
In equation (2) 6 has the dimension of time units and B, 
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is in cycles per time unit. If B, is expressed as a normalized 
frequency, 6 is then expressed in time units multiplied by 
wo. Using the form parameter, equation (2). can be rewritteg 
as follows: 


Fy_ Ao 





OVERSHOOT 

The next parameter of importance is overshoot. There jg 
fair agreement as to its definition and the one used here 
is that generally accepted. There are certain applications 
where a degree of overshoot is permissible, but in general, 
the less overshoot the better. 
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Fig. 3. The product of 6 B, against overshoot Y 
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The dependence of the overshoot on the slope 
of the frequency response can be seen on Fig. 4, 
where the calculated values of overshoot are plotted against 
the corresponding ratio B,/B,. In general, overshoot 
increases with an increase in the slope, but the speed of 
increase is different according to whether the circuit has 4 
flat frequency response or a peaked one. In peaked 
response circuits, the overshoot grows more quickly than 
in flat topped circuits. This different rate of increase 
disappears when overshoot is referred to the form para- 
meter. Fig. 5 shows the variation of overshoot with form 
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parameter as evaluated for all the circuits considered. 
The relation between overshoot and form parameter 
as derived from the above diagram, is given by the 


formula : 
ee | ae ere ee (4) 


Here y is given as a percentage of the steady state value 
of the respone and form parameter F, is dimensionless. 
The average error given by this formula is 14 per cent and 
the maximum error is never more than 25 per cent. It 
should be noticed also that the absolute error increases 
with an increase in overshoot. 


RELAXATION TIME’ 

The last transient shape parameter of importance is 
relaxation time. It measures the time which the transient 
oscillations on the top of the response, take to die away. 
It can also measure the amount of damping existent in 
the circuit. The bigger the damping, the shorter the relaxa- 
tion time and vice versa. 
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Fig. 5. Percentage of overshoot Y, against the form parameter F 


Two values of relaxation time were considered: p.i%) 
and pco-1%). They were evaluated for all the networks 
investigated and their dependence on the form parameter 
was studied. 

Fig. 6 gives the variation of pci%) and of pe.1%) with 
the form parameter. The approximate formule for relaxa- 
tion time were derived by the same method as that for 
the overshoot, and the results were as follows: 


pa%) = 1/B, (7Fp — 3) ) 

pbx) = 1/ By CFs — 3) oe ce e eee (5a) 
What was said previously regarding the dimensions of rise 
time, applies now to relaxation time. The total root mean 
Squared error, introduced by equation (5) is 18 per cent 
and that introduced by equation (5a) is 25 per cent. 


Time DELAY AND OSCILLATION PERIOD 
_ The remaining two parameters are of little use in prac- 
tice, and are only included here to complete the para- 
metric description of the transient response. 

Time delay is dependent on the phase relationship 
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between components of the frequency spectrum and of the 
unit step. For networks with a linear phase characteristic 
near centre frequency, time delay is given by the follow- 
ing formula: 
8 = [db/dx)xx0 ........ eee (6) 
In this formula ¢ represents the phase shift of the net- 
work in degrees. Time delay is a function of the number 
of stages and generally increases with them. The rate of 
increase is dependent on the type of network concerned. 
The period of oscillation at the top of the transient 
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reciprocates approximately the cut-off frequency of the 
low-pass network. For networks whose frequency responses 
exhibit a resonance peak, the period of oscillation is 
roughly equal to the reciprocal of the resonant frequency: 


MIMMU RT eich ls aly he oat aie aioe (7) 


where f, is either the cut-off or resonant frequency. 
An attempt to represent the last two parameters as a 
function of the form parameter, was unsuccessful. 


Relation Between Overshoot and Rise Time 


Combining the equations (2), (3) and (4) the following 
expression is arrived at: 


(y + 39)Ao 
Oe BFA. 


which relates overshoot to rise time. The values of OB, 
were calculated from equation (8) and plotted on Fig. 7 
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against the increasing overshoot. The results were checked 
by using separate values for 6 and B,, which were derived 
directly from the corresponding responses of considered 
networks. 

The curves of Fig. 7 show that the product 6B, has a 
tendency to increase with a rise in overshoot. This some- 
what startling result can be physically explained in the 
following way. 

Rise time depends on the particular relationship between 
the individual component frequencies of the unit step 
spectrum which pass through the network. The minimum 
rise time is obtained if and when all contributing sine 
waves reach their greatest slope simultaneously. For the 
component frequency having the same amplitude, the slope 
will increase with the frequency. As the amplitude of the 
contributing frequencies of the unit step spectrum 
diminishes with frequency, the resulting contribution to 
the slope is roughly the same for each harmonic. This is 
true for the ideal filter. In any real filter, the effect of 
higher harmonics is still further reduced by the particular 
frequency characteristic of the network. In general it can 
be said that the slope (reciprocal of rise time) of the tran- 
sient response is proportional to the bandwidth and can 
never be higher than the maximum slope of the highest 
contributing harmonics. 

From equation (8) it is seen that for a constant B,, the 
value of rise time increases (slope diminishes) with the 
increase of overshoot. This increase of overshoot is neces- 
sarily accompanied by an increase of form parameter. The 
increase of form parameter in flat frequency responses 
having a constant B, can only be achieved by diminishing 
the bandwidth at B,. Thus, the number of higher har- 
monics which can be passed through the filter is reduced, 
and as a result, the rise time is increased. 


Conclusions 


From the previously presented formula, it is possible 
to derive a set of rules governing the behaviour of the 
transient response. Taking the transient shape parameters 
- the same order as given in this article, it can be said 

at: 


Rise TIME 


(a) Decreases with the increase of bandwidth at 6db 
level. 


(b) Increases slightly with the gain in overshoot for 
a constant bandwidth at 3db level. 


OVERSHOOT 
(a) Increases with an increase of the form parameter. 


(b) For the flat frequency response, decreases with the 
decrease of the ratio B,/B,. 


(c) Is greater for a peaked response than for a flat 
response with the same ratio of B,/B,. 


RELAXATION TIME 
(a) Increases with an increase of the form parameter. 


(b) Decreases with the increase of bandwidth at 6db 
level. 


These rules apply only to the two previously specified 
groups of networks, and even there they only represent 
general trends of behaviour. 

From the above it can be finally concluded that the 
network capable of reproducing a unit step with the least 
distortion, should have a frequency response of trape- 
zoidal form. Its bandwidth at 6db level should have the 
greatest permissible value, and the ratio B,/B, should be 
less than 0-5. Such a network could be defined as an 
“ideal transient filter” as against the commonly known 
“ideal (frequency) filter.” Thus it can be seen that con- 
ditions for the ideal frequency response are incompatible 
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with those for the ideal transient response and the degree 
of compromise lies with the designer. 
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APPENDIX 


FORMULAE FOR THE FREQUENCY/AMPLITUDE RESPONSES 
RESPONSES OF THE NETWORKS 


Nomenclature : 
M—modulus of the response, 
n—number of stages, 
x—normalized frequency, 
f—critical frequency of the network. 


FLAT RESPONSES 
(1) Critically Coupled Pairs’ 
M; = (1 + x‘™/* 


: eee 
VRS) 
(2) Staggered n-tiples® 


2=(1 +x)? 
where 
x = 2QAf/fo and B,/B, = '/"V3 


(3) Low-pass Filter with Semi-infinite Constant Slope 
Response‘ 


M,=1 for 0<x<1 


where 
x= 20AF/ fo and B,/B, — 





and 
= x" for 1<x< co 


B,/B, = "V0-707 
PEAKED RESPONSES 
(4) The Compensated RC Amplifier® 
~ Pat ee 
* 1@e/QP + @? - 1)? 


Q = 1/k =1/woRC 
(4a) k = 1-41 


(4b) k = 1-51 
(5) Series Peaking Coil‘ 
M, = {x* + x*%(1/Q° - 2) 4 157°” 
(6) Shunt Peaking Coil* 
__14 GQ? 
~ (x/Q)? + (x? - 19 


(7) Simple Servo Mechanism’ 
M, = { (1 — x*)? + (2px)? }-"? 





M, 


fo=1/m V(k/J) k—stiffness 
o = I2V (kd) J—inertia. 
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A Compensated Square Wave Phase 
Discriminator 


By R. Caldecott*, B.Sc. 


i square wave phase discriminator was developed to 
meet the special needs of the servo system in an equip- 
ment used for the automatic recording of v.H.F. aerial 
radiation patterns. The demands made on this type of 
equipment are very exacting and, at low signal levels, a 
very high degree of stability is required in order that the 
signal shall not be “lost” among the random fluctuations 
in the various component circuits, in particular, in the 
phase discriminator. The following circuit was devised 
with a view to compensating the effects of all external 
variations other than those of the input signal. 


The Circuit of the Phase Discriminator 


An examination of the circuit (Fig. 1.) shows that it con- 
sists principally of four triode-hexode mixers, whose 
hexodes are arranged in a form of bridge network. The 
valves are connected in pairs (x and y), each pair sharing 
a common anode load. 

The reference signal consists of two anti-phase square 
waves, of approximately 100 volts peak-to-peak, injected 
at the terminals A and B. A square wave is fed to a phase- 
splitter to provide the reference signal or two anti-phase 
square waves may be generated by a suitable device. The 
Square waves are fed through two Westectors (WX6) and 
the diode-connected triode sections of the X78 valves. This 
arrangement clamps the mixer grid at cathode potential 
while the reference signal is positive and provides a large 
cut-off potential when it is negative. The effect of any 
variations in the amplitude and waveform of the reference 
signal upon the phase discriminating properties of the cir- 
cuit is, thus, minimized. 

It will now be apparent that only one of the hexodes 
passes current through each anode load at any given 
instant and that, provided the reference signal has a steep 
wave-front, immediately one valve of a pair ceases to con- 
duct, the other conducts. Thus, a steady current flows 
through each anode load resistance and provides a steady 
output which is independent of relatively wide variations 
in the mark-space ratio of the reference signals. When the 
circuit is in a balanced condition, the current in the two 
anode loads is equal and the output is zero. 

Consider now the effect of applying a square wave signal, 
which is of unknown amplitude but: either in phase, or in 
anti-phase, with the reference signal, at the point marked 
“input” in the diagram. This signal is divided into two 
equal anti-phase components by means of the L77 phase 
splitter valve. Suppose, for the sake of argument, that 
the upper two valves are conducting and that the unknown 
input signal is on its positive excursion, i.e., in phase witli 
reference signal A. There will then be a decrease in cur- 
tent in the left-hand hexode anode load and an equal in- 
crease in the right-hand load. On reversal of the reference 
signal, the lower two valves will conduct and, since the un- 
known signal will also have reversed in phase, the previous 
current changes will be maintained. Thus, a steady D.c. 
output whose amplitude is dependent upon the amplitude 
of the input will be obtained. When the input signal is in 
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phase with the reference signal B, the sense of the output 
is reversed. 

As a precaution against undesired fluctuations, the H.T. 
supply is stabilized and a neon stabilizer is provided for 
the screens of the hexodes. Variations due to changes in 
valve constants are, of course, minimized by the 
balanced nature of the system. The phase discrimination 
of the circuit is, thus, made substantially independent of 
all normal variations in supply voltages or, as already 
stated, of changes in the amplitude of either of the signals 
or their mark-space ratio. However, the maximum sensi- 
tivity of the circuit and, hence, the maximum value of the 
output signal, is only obtained when the mark-space ratio 
of the input and reference signals is the same. 

The response of the circuit has been found to be almost 
linear for inputs up to 1-75 volts rR.M.s. with an overall gain 
of 34 times, where the gain is defined as the ratio. 


D.c. output voltage 
R.M.S. input voltage 
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Fig. 1. The circuit described 


Applications of the Circuit 


In the foregoing description, only signals which are 
either in phase, or in anti-phase, with the reference signal 
have been considered. However, if a signal of constant 
amplitude but continuously variable phase is injected, the 
output will be a measure of the phase-angle and will be 
zero in the quadrature condition. 

So far, the discussion has been limited to square waves. 
The circuits has, however, been operated with equal suc- 
cess using sine wave input signals, the output being slightly 
less smooth in this case. The output will consist of half 
sine waves which are, however, smoothed by the capacitors 
connected across the output load resistors. No attempt 
has yet been made to use a sine wave as a reference signal 
but, providing the amplitude is sufficiently great, the limit- 
ing device in the reference signal input circuit will ensure 
satisfactory results. 
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Electrophoresis in the Valve Industry 


By L. E. Grey*, B.Sc., and R. O. Jenkins, A.R.C.S., D.LC., Ph.D., F.Inst.P. 


The deposition of particles from a suspensoid by the application of an electric field is widely used 
in the valve industry for coating components. This process, known as electrophoresis, necessitates 
very careful control of impurities providing ions which form a charged double layer on the 
particles. Emissive filament, heater and insulator coating methods using electrophoresis are described. 


| Sea seae ROPHORESIS is an unfamiliar process to most 
scientists and technicians, although it is closely analogous 
to the well known process of electroplating. Electro- 
plating, of course, consists of deposition of a metal on to 
the negative electrode when p.c. is passed between two 
electrodes immersed in an electrolyte containing appro- 
priate metal salts in solution. Electrophoresis consists of 
the deposition of small particles on to one of two elec- 
trodes placed in a suspension of the particles in a liquid 
when a voltage is applied between them. These particles 
may be sub-microscopically small or may be of the order 
of a few microns (10-*mm) in diameter. If they are very 
small, they will stay permanently suspended in the liquid, 
and the mixture is known as a colloidal suspension, but if 
greater than about a micron, they will slowly settle to the 
bottom, and the mixture is called a suspensoid. 

The process of electrophoresis is used in a number of 
ways in the manufacture of radio valves when controllable 
and quick deposition of particles from suspensoids is 
required, and it enables operations which are otherwise 
wasteful and tedious to be done economically and easily. 
The process thus contributes to the reliability of valves and 
reduces their cost. 


Theory of the Process 


THE MOVEMENT OF PARTICLES 

A very early experiment by Reuss in 1808 demonstrated 
the effect of electrophoresis very clearly. Two tubes con- 
taining water were inserted into a mass of wet clay and 
a voltage applied between electrodes dipping into the 
tubes. It was found that clay particles moved into the 
tube with the positive electrode, and water out of the clay 
mass into the tube with the negative electrode. To explain 
the effect, Helmholz postulated the existence of a 
charged double layer on the particles. According to 
this theory, the particles suspended in the liquid, acquire 
a layer of negative charges, while the liquid surrounding 
it becomes correspondingly charged by an equal amount 
of positive charge. When an electric field is applied across 
the liquid, the negatively charged particles will tend to 
move towards the positive electrode and the positively 
charged liquid toward the negative electrode. 

If the state of affairs in the suspension is idealized as 
in Fig. 1, the velocity v of the particle in an electric field 
dE/dx is: 

eV dE 
v a ri (1 + r/8) 
where « is the dielectric constant of the liquid, » the 
viscosity of the liquid, V the potential difference between 
the particle surface and the contra-charge layer in the 
liquid, r the particle radius, and § the distance between 
the particle surface and the contra-charge layer. This 
formula agrees with experiment in showing that the velo- 
city is almost independent of particle size (as 7/8 is small) 
and is proportional to the field. The value of V and $ 
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depend largely on the concentration and valency of the 
ions in solution. It may be seen immediately that the 
efficiency of the process will depend largely on the presence 
of a small amount of the right kind of ions being present in 
the liquid. This in turn depends on the presence of a 
small amount of an appropriate electrolyte in the otherwise 
insulating liquid. 


THE STABILITY OF SUSPENSIONS _ A 
Providing particles of a few microns diameter do not 
coalesce in the suspension, they settle out relatively 





LIQUID 
+ 



































Fig. 1. Particle with charged double layer 


slowly, while if they are much smaller than a micron, the 
Brownian movement will keep them in suspension perma- 
nently. Some suspensions, however, settle very quickly 
because the small particles coagulate. It may be seen from 
Fig. 1 that as particles with a double layer approach one 
another, providing the contra ions in the liquid are fairly 
diffusely distributed, the like charged particles will repel 
each other before contact. Only those with highest 
Brownian velocity, will come close enough for surface 
attraction forces to come into play and cause coagulation. 
If, however, the contra ion concentration is high close to 
the particle, they will be able to approach much closer to 
each other because the presence of the contra ions will 
neutralize the repulsion of the charges on the particles. 
There will thus be a much greater chance of coagulation 
taking place, and this may happen if the concentration of 
electrolyte becomes too high. The chance of this happen- 
ing also increases if the particle concentration is high. In 
addition, it has been shown that as the valency of the 
contra ion increases, the distance between the contra ion 
layer and the particle decreases rapidly. Thus very small 
concentrations of trivalent contra ions such as aluminium, 
will have a marked effect on rate of electrophoresis and 
relatively little will cause coagulation, whereas the con- 
centration of monovalent contra ions, such as sodium, 

not be so critical. With most suspensions considered here, 
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the ions giving the double layer are derived from an electro- 
lyte in the liquid. This electrolyte in turn may be present 
due to solution of adsorbed impurities on the original 
solid particles, which dissolve in the liquid and provide a 
source of ions. This occurs more easily if the liquid is 
water or contains water as an impurity. 

It may thus be seen that conditions for good electro- 
phoretic deposition and good stability of the suspension 
both depend on provision of the right kind of ions in a 
suitable concentration. This can only be controlled by 
extreme care to ensure that the solid particles are free 
from soluble impurities and that any organic liquids used 
are water-free, thus any necessary electrolyte can be 
introduced in the exact quantities required. The actual 
sign of the charge on the particles and hence whether 
they deposit on the anode or-cathode, depends both on 
the nature of the particle and the liquid. Basic substances 
in water tend to become negatively charged, acidic sub- 
stances positively charged, while neutral substances are 
usually negatively charged because the negatively charged 
hydroxyl ion is more easily adsorbed on their surface. 
When organic liquids are used for the suspending medium 
the sign of the charge will depend on small quantities of 
impurities on the particles and also on water or electrolyte 
already present or added to the liquid. 


Processes in Valve Making 


EMISSIVE COATINGS: BATTERY FILAMENTS 

One important application of electrophoresis in valve 
making is in the preparation of the thermionic oxide 
coated cathode. The cathode of a battery valve consists 
of a very thin nickel or tungsten wire coated before 
assembly into the valve, with a layer of co-precipitated 
barium strontium and calcium carbunates. These wires 
are usually less than 0-00lin thick (finer than a human 
hair), and have to be coated to at least double their thick- 
ness with the carbonate layer. This layer can be applied 
by dragging the wire through a sludge of the carbonate 
and then baking it on by passing the wire through an 
oven at about 600°C. This can be a tedious process as 
many passes are necessary and the high temperature may 
anneal and weaken nickel wire, or cause oxidation of 
tungsten wire and thus adversely effect the final perform- 
ance of the valve. 

The carbonates may, however, be applied to the wire 
by electrophoresis, by passing it through a suitable 
suspension of the carbonate particles in an organic liquid 
and applying a voltage between the wire and a surrounding 
electrode. The coating can thus be applied in a single 
pass without any high temperature treatment which might 
spoil the final cathode. 

The carbonate particles are usually approximately 1 
micron diameter and some agitation of the suspension 
is necessary to prevent them from settling out. The 
adhesion of the carbonates to the wire must be sufficient 
to allow subsequent handling during mounting and some 
form of binder must be applied to the deposited carbonate 
layer to provide the necessary adhesion. In one process 
the carbonates are suspended in a solution of nitro 
cellulose in various organic solvents and the composition 
of the suspension is adjusted so that both the nitro 
cellulose and the carbonates deposit simultaneously on the 
wire to give a layer with the necessary adhesion. 

The co-precipitated carbonates are ball milled into a 
solution of nitro cellulose in butyl acetate, acetone and 
methyl alcohol. To provide the necessary free ions to 
give the charged double layer on the carbonate particles, 
a small amount of electrolyte is added. This must not 
harm the final cathode, and strontium nitrate solution in 
water has been found very suitable, the particles becoming 
negatively charged. 

_ A diagram of the plant is shown in Fig. 2. The wire 
is drawn off the spool and passes over a metal pulley and 
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down through an insulated guide to a_ pulley 
of bakelite at the bottom of the coating bath. . The wire 
then comes up to the surface of the bath in the centre of 
an electrode, thence through a low temperature drying 
oven to evaporate the organic solvents from the coated 
layer before it passes over the final pulleys and is spooled. 
A potential is applied between the wire via the first pulley 
and the electrode in the bath, the wire being made positive. 
The thickness of the coating applied can be varied by 
adjusting the voltage which is usually of the order of 
50 volts, and the wire passes through the plant at about 
10ft per minute. 

It is necessary to provide some form of stirring to 
prevent the particles of the suspension settling to the 
bottom and this may be accomplished by having inclined 
fins on the outside of the open mesh cylindrical electrode 
in the suspension and rotating the bath on its vertical 
axis at about 100 rev/min. This type of suspension has 
an appreciable electrolytic conductivity and a current of 
some milliamperes passes during the coating process. 
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Fig. 2. Plant for coating wire 


The alternative process applies the carbonates from a 
suspension in one of the alcohols in the range from 
methyl to amyl alcohol. In this case, the particles take 
up a positive charge, and the wire must, therefore, be 
made the cathode in the coating bath. As the wire passes 
through the suspension, it becomes coated with the car- 
bonates, but without binder. Before contacting any pulleys 
or guides, the alcohol must be evaporated from the coat- 
ing by passing the coated wire through an oven, and a 
binder such as nitrocellulose solution or molten paraffin 
wax applied to the wire, by passing it through the binder 
carried in the deep groove in a pulley, or some other suit- 
able applicator. The plant can be laid out in a similar 
manner to that previously described or it can be arranged 
horizontally and the suspension stirred by circulation. The 
voltage across the coating bath is of the order of 50 volts, 
and a coating speed of a few feet per minute is usually 
employed. 

Suspensions for this process are very poor electrical cou- 
ductors and the current through the bath is less than 
a milliampere. These suspensions have a considerable 
tendency to coagulate and will not coat satisfactorily if 
the ion concentration rises above a very low value and 


ELECTRONIC ENGINEERING 














it is, therefore, essential to use very pure water-free 
alcohol. The carbonates must also be well washed and 
precipitated in such a manner as to avoid excessive 
adsorbed impurities. One other difficulty sometimes 
encountered is that although the particles migrate to the 
wire, surface tension forces strip the coating off as it 
leaves the surface. This is caused by the particles carrying 
excess liquid with them, and usually is associated with a 
slight tendency to particle coagulation in the suspension. 


RECTIFIER STRIPS 

A directly heated rectifier cathode consists of a length 
of nickel ribbon about Imm wide, coated initially with 
co-precipitated barium, strontium, and calcium carbonates. 
This coating can be carried out by dragging the strip 
through a sludge previously described for wire coating, 
but it has been found that the cataphoretic coating pro- 
cess has some advantages. Due to surface ténsion forces, 
the sludge method gives a coating with the cross section 
shown in Fig. 3(a). By using cataphoretic coating, a strip 
with cross section as in Fig. 3(b) can be obtained, and such 
a strip gives a better thermionic emission which is very 
desirable. 

The suspension used is similar to that containing nitro- 
cellulose, as described previously. For strip coating, a 
plasticizer is usually advisable, as pure nitrocellulose 


(0) (b) 


Fig. 3. Cross-section of filament strips 
(a) drag coated. 
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(b) cataphoretically coated 


binder is rather brittle. The usual plasticizers such as 
dibutyl pthalate or camphor are found quite suitable. The 
plant is similar in layout to that used for wire coating, 
but it has been found that more satisfactory quick drying 
can be obtained by warming the strip by radio frequency 
eddy currents, and thus drying the coating from the inside. 
The strip passes through a coil 9in long and lin diameter 
carrying the radio frequency current. On this plant, the 
strip can also be given a channel section before coating, 
by passing through suitable rollers, and it thus has greater 
inherent rigidity in the final valves. 


Heater Coating 


WIRE COATING 

The mains valve cathode consists of a nickel tube of 
rectangular, oval or circular cross section coated on the 
outside with the normal barium strontium calcium oxide. 
To maintain it at 750°C the nickel tube contains a heater 
which must be electrically insulated from the cathode. The 
insulation resistance must be at least 1OMQ at running 
temperature. Such heaters are made from tungsten or 
molybdenum tungsten alloy wire coated with a layer of 
pure aluminium oxide. The heater can be made from a 
straight wire bent into a multi-limb form, or maybe a 
double helix or a small coil bent into a V. The multi- 
limb type of heater is usually made by pre-coating the 
wire with alumina and then winding it round a sharp edged 
former similar to a double-edged razor blade. To make this 
heater successfully, the coating must have a good adhesion 
and should not break off at the bends, but only crack 
locally, and there is then little danger of the tips of the 
bends short-circuiting with each other. This-pre-coating can 
be accomplished very successfully by electrophoresis. The 
process is similar to that for coating emitting filaments 
from a suspension using binder. 
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Pure alumina with a crystal size of the order of 1 to § 
microns, is ball milled into a nitrocellulose solution in 
acetone and methyl alcohol. Various additions have been 
used to provide the free ions necessary to form the double 
layer, and make electrophoresis possible. The most effective 
is a small controlled amount of ordinary salt solution. The 
chlorine ions are adsorbed on to the alumina particles 
which become negatively charged, and are deposited on 
the wire given a positive potential in the bath. The wire 
is passed through the apparatus shown in Fig. 2 at a speed 
of about 15 feet per minute, and a layer 0-06mm thick is 
applied. The variation in the speed of coating with the 
addition of salt solution to the suspension is shown in 
Fig. 4. These are experimental curves taken with a current 
of 50mA flowing through the bath. It may be seen that the 
optimum ion concentration is obtained when the quantity 
of sodium chloride is 0:2 per cent of the alumina content. 
To ensure sufficient water to ionize it properly, the salt 
must be added as a solution at a concentration of not more 
than 3 per cent. If this concentration is exceeded, there is 
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Fig. 4. Effect of salt on coating of alumina 





not enough water to ionize the salt sufficiently, and more 
salt is necessary. 

When excess water is added, the conductivity of the bath 
increases, and the applied voltage to give 50mA drops. 
As the rate of deposition is proportional to the field, the 
coating thickness drops correspondingly. The current must 
be limited to about 50mA as the excess gas produced by 
electrolysis disrupts the coating. 

It has been found essential that the alumina is well 
washed so as to be free from soluble impurities, particularly 
those with divalent or trivalent ions which would decrease 
the speed of coating. Also, if excess electrolysis takes 
place, the gases produced may spoil the texture of the 
final coating. 

When the wire has been coated, the heaters are made 
by winding on a former, and are inserted in alumina tubes. 
They are then heated at about 1 600°C for a few minutes 
in hydrogen in a molybdenum wound tube furnace to 
remove the nitrocellulose binder and sinter the alumina 
into a hard coating. The tips of such heaters are shown 
in Fig. 5 compared with those obtained with the alterna- 
tive drag coating process. 


Trp COATING 

In certain high voltage low current heaters, a large 
number of limbs of thin wire are necessary, and relative 
movement of the limbs and short-circuiting between tips 
may take place. This can be avoided by dipping the end 
of the heater into a bath containing a suitable cataphoretic 
suspension and applying coating locally on the tips. A 
suspension of finely divided bentonite clay in water can 
be used for this purpose. 
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CoILED HEATER COATING 

It is possible to coat preformed coiled heaters by elec- 
trophoresis. Coating the reverse helix type is not very 
satisfactory, as the suspension tends to be retained by the 
coil on withdrawal from the bath, causing uneven coating 
and turns which are locked together, and the relatively 
wasteful method of spraying is therefore usually adopted. 
The close wound coil formed into a V can, however, be 
coated very satisfactorily by electrophoresis. The coils 
are usually of tungsten, wound on a molybdenum mandrel 
which can be left in position for the coating process. The 
heaters are held in a clip with the vertex of the V down- 
wards and dipped into the coating bath to the required 
depth, the voltage applied for a few seconds and the 
coated heaters then withdrawn. This process can be 
mechanized on a multi-head machine or done on a semi- 
mechanized single head machine as described in the next 
section. The coated heater is sintered in hydrogen at 




















Fig. 5. Heater tips (x 10) 
(left) drag coated (right) cataphoretically coated 


1600°C and the molybdenum mandrel dissolved in acid 
subsequently. 

Suspensoids containing nitrocellulose binder can be 
used, although their relatively high viscosity gives a tendency 
for liquid to be retained in the tip of the V, and the lower 
viscosity suspensoid of alumina in alcohol is better from 
this point of view. 


INSULATED SUPPORT COATING 

In battery valves, the filament is often located at points 
along its length by being pulled against a support from 
the control grid or other electrode. This increases the 
natural frequency of vibration of the filament and reduces 
microphony very considerably. It is essential that these 
supports are covered with an insulated layer and electro- 
phoresis is the best way of accomplishing this. The 
supports are usually of 0:-l1mm diameter molybdenum wire 
with one end bent to the desired shape and coated with 
the insulator, and the other end attached to the grid side 
tod. To coat the supports a large number are fixed to a 
thick wire to form a comb. The tips of the comb are then 
Immersed in the coating bath and the voltage applied for 
a few seconds and the wires with coated tips then with- 
drawn. They are subsequently sintered in hydrogen to 
give a strong insulating layer. 

An alumina heater coating suspension can be used but 
a coating with lower sintering temperature is suitable, as 
the temperature of operation in the valve is quite low and 
such mixtures give adequate insulation. Such a suspen- 
soid consists of alumina and clay suspended in a dilute 
aqueous solution of sodium silicate and only a few volts 
need be applied to the bath for coating at a suitable rate. 
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Coating is performed on a single head machine shown 
in Fig. 6. The “comb” is fixed in a clip and a cam 
operated dipper raises the coating from the main container 
till the comb dips in the surface to the right depth. The 
voltage is then applied for the appropriate time and the 
dipper then lowered. The coating is stirred continuously 
in the main container by rotation at about 60 rev/min 
and inclined vanes are attached to the outside of the 
dipper, to assist the mixing. 


Other Uses of Electrophoresis 


Electrophoresis can be used in other ways in valve 
making. Zirconium metal powder is applied to the anodes 





Fig. 6. Comb-type coating plant 


of transmitting valves to act as a getter, and this is some- 
times applied by electrophoresis in preference to painting. 
Grids which have to dissipate a lot of heat can be coated 
with a carbon layer by electrophoresis to increase their 
thermal radiation and thus reduce the temperature. 


Conclusion 

It is hoped that this outline will have demonstrated how 
a relatively obscure branch of physical chemistry has 
become of use to the valve engineer to enable him to make 
valves more reliably and efficiently. The process will no 
doubt continue to be used in these and other ways in the 
industry. 
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Arc Voltage Drop Measurements on 
Grid-controlled Mercury Rectifiers 


By T. H. Barton*, B.Eng., Ph.D., and F. A. Benson* M.Eng., Ph.D., A.M.LE.E. 


The Ratcliffe-Isaacs oscillograph method* for measuring arc voltage drop in mercury rectifiers 
gives erroneous results. The circuit can be modified, however, to produce correct readings as 
shown and discussed here. 


Some comments are made about measurements, with the new instrument, on a grid-controlled 
rectifier. For this purpose a further circuit addition is desirable. 


ARIOUS methods have been suggested for measuring 

the arc voltage drop in mercury-arc rectifiers’ ‘. 
Reference has been made to a number of these by Ratcliffe 
and Isaacs‘ who have also presented a novel oscillograph 
method. The authors recently constructed the instrument 
designed by Ratcliffe and Isaacs to carry out some 
measurements on a new rectifier and found that it gave 
erroneous results. This led to an essential modification of 
the circuit which is given and discussed in this article. 
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Fig. 1. Original circuit of Ratcliffe and Isaacs 


Some experience with the use of the modified instrument 
for measuring arc voltage drop in grid-controlled recti- 
fiers with various angles of delay is described and another 
addition to the circuit is suggested. 

The circuit given by Ratcliffe and Isaacs is reproduced 
in Fig. 1. The voltage drop to be measured is fed to a single- 
stage feedback amplifier and dispenses with the need for a 
double-beam oscillograph which is essential with an earlier 
method of a similar type*. The circuit provides its own 
zero-level indication in the manner described below. The 
output is taken from the anode of the amplifier through a 
diode and capacitor to the deflecting plates of an oscillo- 
graph. The diode is intended to act as a switch allowing 
the anode-voltage variations of the amplifier to be trans- 
mitted to the oscillograph only when the anode voltage 
lies below the potential of the potentiometer slider. To 
set up the circuit for measurements the potentiometer 
slider is simply adjusted, with the input terminals short- 
circuited, until there is no potential difference across the 
diode. This is done by connecting a microammeter across 
the diode as shown in Fig. 1. Having made this adjust- 
ment the short-circuit at the input is removed, the meter 
is taken from across the diode and the arc voltage drop 
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to be measured is applied to the input terminals. If the 
input voltage applied to the amplifier is at zero level it 
has been assumed that the diode is on the point of non- 
conduction. Then, when the rectifier anode becomes 
positive with respect to the cathode a negative-going wave 
appears at the amplifier anode and is transmitted through 
the diode to the oscillograph. For the period when the 
input voltage is reversed the diode becomes non-conduct- 
ing and the waveform is not applied to the oscillograph. 
Thus, Ratcliffe and Isaacs have taken the zero input level 
to represent the demarcation between the points where a 
signal is, and is not, transmitted to the oscillograph. 


3150 
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ANODE VOLTAGE (V) 
Fig. 2. Typical characteristic for diode type EA50 


When the circuit was used recently by the authors a 
figure of about 26V was obtained for the arc-voltage drop 
of the particular rectifier being examined and the oscillo- 
grams appeared to be satisfactory. The result was con- 
siderably in excess of the expected value of 18V, however, 
and checks by other methods confirmed that the instru- 
ment was reading much too high. An investigation was, 
therefore, carried out to find the reasons for the incorrect 
readings. 

The trouble was due to the fact that the diode used by 
the authors (type EA50) conducts before the amplifier 
anode voltage goes negative as can be seen from the 
typical characteristics of Fig. 2. This is probably true of 
most other diodes, if not all. It should be noted that 
Ratcliffe and Isaacs do not state the type of diode which 
they used and, therefore, presumably regard the choice as 
unimportant. It will be realized that, in setting up the 
instrument for measurements, the diode still conducts even 
though the microammeter gives zero deflexion. By placing 
the microammeter in series with the diode, however, and 
then adjusting the potentiometer slider until the meter 
deflexion is zero, the correct zero-level indication is 
obtained. It was thought that the high impedance of the 
diode near the point of cut-off might result in distortion 
so the modified instrument was calibrated by applying a 
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sine-wave alternating voltage of accurately-known peak 
value to the input terminals. The circuit behaved perfectly 
linearly as can be seen from the calibration curve of 


ig. 3. 

The following calculations have been made to determine 
the magnitude of the error produced by the original circuit. 
They will help to emphasize the reason for the error. 

Consider the setting-up position of the instrument. The 
grid of the amplifier is at zero potential and the cathode 
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Fig. 3. Calibration curve showing eas and linearity of the modified 
circuit 
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Fig. 4. Modified circuit with clamping diode 


is somewhat positive due to the cathode-bias resistor. 
Adjustment of the potentiometer tapping to give zero 
current through the microammeter ensures that the tapping 
is at the same potential as the amplifier anode. The diode 
shunts the microammeter and in the authors’ case passes 
a current of 120A for the “ set-up” condition. The diode 
can be cut-off only by driving its cathode about 1V 
positive with respect to its anode. This point of cut-off 
fixes the zero level on the oscillograph. It is evident from 
Fig. 1 that cutting off the diode results in a rise of its 
anode potential of about 24V which is the change in the 
drop of voltage across the top section of the potentiometer 
for a current change of 120uA.: To achieve cut-off in the 
diode, therefore, the anode voltage of the amplifier must 
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rise by about 25V (i.e., 24 + 1). With a gain of, say, 3-5 
this corresponds to an error in zero level of 25/3-5 i.e. 7V. 
It would appear that this error can be reduced by lowering 
the resistance of the potentiometer but it should be noted 
that, when the diode is conducting, the top section of the 
potentiometer shunts the amplifier anode load thus affect- 
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Fig. 5. Anode-cathode voltage waveforms for a_ six-phase grid-controlled 
rectifier with angles of delay of zero, 30° and 60 





Fig. 6. Oscillograms of arc voltage of simple six-phase grid-controlled 
rectifier for angles of delay of zero, 30° and 60° 


ing the gain. In fact, it is found with the circuit constants 
of Fig. 1, and with the diode type EAS0, that the minimum 
error is about 2:3V and is obtained with a potentiometer 
top section of 17-5kQ. 

In the case of a grid-controlled rectifier it is convenient 
to introduce a clipping circuit as shown in Fig. 4 to 
prevent large positive voltages being fed on to the grid 
of the amplifier. Illustrations of the anode-cathode voltage 
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of a 6-phase grid-controlled rectifier when operating with 
angles of delay of 0, 30° and 60° are given in Fig. 5. 
The peak-inverse voltage is approximately twice the maxi- 
mum output voltage. Thus, for a 250V rectifier the peak- 
inverse voltage is about 500V. Furthermore, positive 
voltages up to 400V and lasting for as long as half a 
cycle occur as the angle of delay is increased from zero 
to 90° ie. for rectifier output voltages from maximum 
down to zero. When the rectifier is running as an invertor 
the magnitude and duration of the positive voltage are still 
further increased. These large positive voltages do not 
appear to damage the original instrument but it is prob- 
ably inadvisable to operate under these conditions for 
long periods. In addition, the appearance of the oscillo- 
graph trace is improved by the presence of the clipping 
diode as can be seen from the typical oscillograms of 


Fig. 6. The bias voltage of the clipping diode can be 
adjusted readily so as to allow the are voltage to be passed 
but not much of the peak voltage. 
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The Correction of Q Meter Readings 


By J. P. Newsome*, B.Sc., A.M.LE.E. 


When high value, direct Q factor measurements are made using the “Circuit Magnification Meter” 

or “Q Meter”, significant errors may be introduced by the residual impedances in the measuring 

circuit. The article describes a rapid method of correcting the indicated Q factor by the use of 
correction factors. 


Fe an increasing volume of high frequency work, Q 
factor measurements are required to within an accuracy 
of + 2 to 5 per cent. The majority of these measurements 
are carried out on a form of “ circuit magnification meter ” 
(or “Q meter”) rather than a bridge circuit for reasons of 
simplicity and speed. 

Large air cored coils and coils using powder or ferrite 
core materials may exhibit Q factors over the range 200- 
600 and in measuring such values, the circuit residuals may 
present an error in a direct Q measurement up to perhaps 
20 per cent. A method of correction for the effect of these 
residual impedances is presented in this article, which 
makes use of graphed correction factors in Q factor form 
and which has advantages over a straightforward and 
rigorous method. 


Q Meter Circuit 


A familiar form of circuit employs a constant voltage 
source feeding into a series tuned circuit. The Q factor of 
the test inductor is read in terms of the voltage input under 
resonant conditions to a high input impedance valve- 
voltmeter connected across the tuning capacitor, the test 
inductor being connected between the high potential ends 
of the source resistance and tuning capacitor. Details of 
this test circuit are shown in Fig. 1. 


Definition of Q Factor and Equivalent Circuit of Test 
Inductor 


It is not proposed to enter into a discussion of this aspect 
of the subject. The test inductor will therefore be treated 
as an effective inductance, L, in series with an effective 
loss resistance, R. The effective Q factor of the test inductor 
is then defined as 

ESS 4 | ee ae gee (1) 


The use of this effective Q factor obviates the necessity 
to enter into a consideration of the effects of coil self 
capacitance and coil loss. The subject of Q factor defini- 
tion and interpretation is discussed in papers by Welsby’, 
Biggs and Houldin’ and in British Standard 204: 1943. 
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Analysis of the Test Circuit 

To assist in the analysis, the source, consisting of a con- 
stant current feeding into a very low impedance, is replaced 
by an equivalent generator, E;, and series impedance, Z,, 
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est inductor 
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Fig. 1. Practical basic circuit 
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Fig. 2. Analytical circuit 


through the application of Thevenin’s theorem, where 


Es = VG + w’l,”) s'6 es 6.0 68 6 6.0.6'8 0 (2) 
and 
Zs =Trs + jwls ee ee (3) 
In practice, wls< rs, so that E, is largely independent of 
frequency. 


Referring to the theoretical circuit shown in Fig. 2, the 
current J is given by 
Es 


5 1s 4 
{ R + jwoL + 1/jwC + Zr o 





where 
Zr (the residual impedance)=rs+rwtre+ jo{ Is + le} 
ie Pot Bilin bis saadsic sas eiaieies (5) 
putting rs + rw= rs’ and I, +lo=Iw’. Here r. is the 
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equivalent series loss resistance of the valve-voltmeter and 
tuning capacitor conductance, G, and is given by 

Cy I oii ok io eves ee (6) 
(It is assumed that the ratio wC/G is so large that the 
equivalent series and shunt values of tuning capacitance, C, 
are in practice identical.) The voltage across the tuning 
capacitor, V. is seen to be 








Vo= we I 
an ae A es 
~ 1 LC + joC{R + Zr} 
Es 
= 1 — WLC + joC(R + re + jole) 
Ey 
= 1 wC(L+lw + joC(R +r +1) 
Then 
[Vol = Es SESE 


"VIG — w°L'C)? + w*C?R?) 
writing L’= L +1,’ and R’=R+ P+ re. 

By differentiation of equation (7) with respect to the 
tuning capacitance, C, and equating to zero to obtain the 
resonant condition (here defined as |V-|max) the following 
result is obtained: 


[Welaax = Ee. Q’.V(1 + 1/Q%) ......c00e (8) 





List oF SYMBOLS USED 


E; = equivalent source EMF. of 
measuring circuit. (R.M.S.) 
V. = voltage across tuning capa- 
citor. (R.M.S.) 
Vemax = Voltage across tuning capa- 
citor (maximum R.M.S.) 


J, = thermal milliammeter current. 
(R.M.S.) 

] = measuring’ circuit current. 
(R.M.S.) 

C = capacitance of tuning capacitor 

G = conductance of valve-voltmeter 
input circuit and tuning capa- 
citor. 

l, = effective series inductance of 
source. 


lw = effective series inductance of 
wiring of measuring circuit. 


L = effective series inductance of 
test inductor. 

L’ = total series inductance of 
measuring circuit. 

rs = effective source resistance. 

rw = Measuring Circuit wiring resist- 
ance. 

R = effective series resistance of test 
inductor. 

R’ = total series resistance of 
measuring circuit. 

w = 27 x frequency, f. 

Q = effective Q factor of test in- 
ductor. 

Q’ = effective Q factor of measuring 
circuit. 


indicated Q factor. 

correction factors. 

equivalent source impedance. 
effective residual impedance of 
measuring circuit. 


Qi 
5, Qa, Qa, Qa, Qs 
Zs 
Zr 


tou ut 
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which occurs at w? - t. ES ee = 

EG. Ye 1/Q? 
where Q’ = wLl’/R’ and is the effective measuring circuit 
Q factor. 


Assuming Q’ is large compared with unity, equations 
(8) and (9) simplify to 


eae Mt MND vod isis sacewdccss (10) 
eR ii ccc codesmas (11) 


(Note that differentiation of equation (7) with respect 
to frequency gives results differing slightly from those 
shown in equations (8) and (9), but yields identical simpli- 
fications to those shown in equations (10) and (11): 
differentiation with respect to inductance gives results 
identical with equations (10) and (11).) 

The value of V. under resonance conditions is then a 
function of the effective circuit Q factor, Q’, so that the 
valve-voltmeter may therefore be calibrated in terms of 
Q’ for a given value of source E.M.F. 


It has been hitherto assumed that E, is a constant for 
a fixed value of /., whereas it will in practice show a small 
increase with frequency. The instrumeft is usually 
calibrated at a low frequency where E£; is a constant, since 
wl, << rs. The source E.M.F., Es will rise above the low 
frequency value in the ratio V(1 + w7/s”/rs?) at a frequency 
w/2z: so that if the indicated Q factor is given by Qr, the 

effective circuit Q factor will be given by 
0 ok 2 0 1d (Shee a (12) 

where 

CRT (lL ah of 0 a a aa (13) 


To obtain the required value, Q, from the effective circuit 
Q factor Q’, the following procedure is adopted: 


oL’ le o(L+ lw’) oL ; wl ey’ zi 


ws R’ Rtr;’ + Pe Rtn 4 fe : R+rs +e 
Sis me-mehdace aio enstaa cara (14) 
Pace ee ae lee" 
~ R/(oL) +(e’ +1e)/(wL) RR’ 
wl, 4 
perarenee Ds a (15) 


es 1/(Q)+(r's+ re)/ (wL) R’ 


The correction terms, which are now in the form of Q 
factors (i.e. a ratio of reactance to resistance) may be 
manipulated as follows: 

1 Fa ihe te + G/w?C? 

ae tS A = 2 00 H+ G/ 08 = 

Oak L/w 53 


pegs. + Ja eT ee (16) 


oz Qa Qa, 
since wL = 1/wC (very nearly) and re = G/w*C? (equation 
(6)). 
Qs = wle’/R’ = olw’/oL’/Y = V.1la’/L’ ... (17) 
since Q’ = wL’/ R’. 





Thus 
AR REIS 
oes 
or 
Sore Qa Qs Qs 
oo es sy 
Usually Qs <Q, and a further simplification yields 
ss ae 
Q=Q a -o a pr ments (19) 


ELECTRONIC ENGINEERING 








Practical Operation of Correction Procedure 


Since low Q factor values (< 10 to 20) are not accurately 
measurable on most commercial Q meters, the simplifica- 
tion applied in utilizing equation (10) yields an error small 
compared with the error of the instrument. 

For a given instrument the factor s may be plotted 
against frequency, the factor Q, against tuning capacitance 
for different frequencies, the factor Qz against L’ for 
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Fig. 3. Correction factor (s)/frequency 
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Fig. 4. Correction factor (Qa)/tuning capacitance for a range of frequencies 


different values of Q’. Using these curves, an indicated Q 
factor may be quickly corrected to give the effective test 
inductor Q factor. Where the correction factors become 
relatively large, it may be inferred that a substitution 
measurement should be used, if possible, rather than a 
direct measurement. 

To demonstrate the operation of the technique, the cor- 
rection factors are graphed in Figs. 3, 4 and 5 for the 
Marconi Instruments Ltd, Circuit Magnification Meter type 
TF329G*. For this instrument, 


rs=0-042 : Is~10~*uH : ly ~0-05uH : G = [54+ 10fmec/s] 
x 10-*mho : E;s=10mV or 20mV : V.=0-5V 


This instrument carries an internal tuning capacitor of 
capacitance range 40 to 480pF and an internal oscillator 
with frequency coverage 50kc/s to 50Mc/s. 
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Example 1. 


f=4Mc/s; C=298pF, Q:=260. 
10° 





P= Fx 16x10" x 298x10-8 OH + 5100, 
Qia=2900, Qz=2 
= : 300 — 2 = 284. 
Example 2. 
f=100ke/s; C=150pF, Qr=175. 
L’= ie = 16-9mH : s=1-00, 





4x? x 10°° x 150 x 10-2 
Qi=1550, Qu—0. 


175 1550 


“i.” win 


-Q 


NoTtEe:—Factor s is not usually significant at frequencies 
<5Mc/s; factor Qz is not usually significant for a 
test inductance >S0uH. 


Q, 


oO: 
10° 


10 
EFFECTIVE INDUCTANCE-,»H 


Fig. 5. Correction factor (Qs)/effective inductance (L’) for different values 
of effective measuring circuit Q factor (Q’) 


Conclusion 
The correction procedure detailed above has two prin- 


cipal advantages over the straightforward and rigorous 
method: 


1. Considerable saving in time, due to a reduction in the 
number of calculations and manipulations. 


2. Simplicity; there being considerably less chance of an 
arithmetical error occurring in the result, due to 
elimination of resistance and reactance calculations. 

The method may be readily extended to take into account 

residuals brought into circuit by additional components, 
such as extra tuning capacitors. 
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The English Electric Co announce 
the development of new X-ray appara- 
tus. A chance conversation with a 
member of the staff of the Stafford 
General Infirmary has led to the pro- 
duction of what is believed to be the 
first equipment of its kind in the world 
for use in X-ray examinations of the 
brain. Known as angiography of 
the brain, this examination is one of the 
most delicate of X-ray operations. It 
involves injecting the patient with a 
solution which is opaque to X-rays, thus 
rendering visible the brain’s network of 
arteries in X-ray photographs. Hitherto 
the timing of the exposure has had to be 
done either manually or by the use of 
cinematography, neither of which had 
proved satisfactory. It was decided to 
attempt to produce a new type of timer 
device to solve the problem. The pro- 
ject was undertaken by the staff of the 
switchgear development workshop at 
the English Electric Company’s Staf- 
ford works, and there the prototype was 
both designed and built. The resulting 
equipment, comprising a casette changer, 
electronic sequence and exposure timer, 
and a mobile carrier, enables a radio- 
grapher to use a sequence of X-ray 
exposures to pre-determined exposure 
times and with controlled time delays 
between exposures, 


Marconi’s Wireless Telegraph Co 
have signed a contract with the 
Egyptian Assistant Air Attache in 


Britain, acting on behalf of the Egyptian 
Government, for the supply of naviga- 
tional radar equipment, radio trans- 
mitters, receivers and associated test 
equipment for use aboard five warships 
of the Egyptian Navy. 


The Plessey Co Ltd announce the 
appointment of Mr. John Hilton and 
Mr. C. D. H. Webb as executive direc- 
tors of the company. 


Mr. C. E, T. Cridland has _ been 
elected president of the Scientific Instru- 
ment Manufacturers’ Association. He 
is chairman and managing director of 
a group of companies including Aldis 
Brothers Ltd of Birmingham, makers 
of the Aldis signalling lamp used by 
airfields. 


Truvox Ltd announce that Mr. K. 
Short has been appointed a director of 
the company. He previously held the 
post of chief engineer. 


Mr, Jack Palmer has been appointed 
general manager of the W. H. Sanders 
(Electronics) Ltd new _ factory at 
Stevenage. In his new position he will 
be responsible to the directors for all 
aspects of the operation of this factory. 


The Eighth Annual Congress and 


Festival of Scientific Films of the 
International Scientific Film Association 
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Short News Items 


will take place from 2-12 November at 
the University City and National 
Research Council, Rome. The Scien- 
tific Film Association, as the member 
organization for Great Britain of the 
ISFA, is organizing British participation 
in the Congress. Inquiries should be 
sent to the Scientific Film Association, 
oe Shaftesbury Avenue, London, 
C2. 


The Leipzig Fair will be held from 
5 to 15 September, with sections for 
capital and consumer goods. 9000 
exhibitors from over 30 countries are 
taking part. 


Courses. Applications are invited by 
the Atomic Energy Research Establish- 
ment, Harwell, from physicists and 
electronic engineers holding a degree or 
equivalent qualification, who wish to 
attend the ninth electronics course. The 
course covers the design, use and main- 
tenance of electronic instruments used 
in nuclear physics, radiochemistry, and 
in work with radioisotopes. The course, 
to be held at the Isotope School, Har- 
well, will be from 1-5 November. The 
fee is 12 gns and application forms can 
be obtained from the Electronics Divi- 
sion, A.E.R.E., Harwell, Didcot, Berks. 

The South East London Technical 
College announce new courses of lec- 
tures for the 1954-55 session. Full 
details may be obtained from the Head 
of the Electrical Engineering and 
Applied Physics Department, South 
East London Technical College, Lewis- 
ham Way, London, S.E.4. 

Details of evening courses at the 
Polytechnic in telecommunications, in- 
cluding television and radio servicing, 
are available from the Head of the 


Electrical Engineering |§ Department, 
The Polytechnic, 309 Regent Street, 
London, W.1. 


The Air Ministry announce that all 
seven R.A.F. officers who have recently 
completed the one-year Southampton 
University course in electronics at post 
graduate level have received diplomas, 
two of them with First Class Honours. 
The course is recognized as one of the 
most advanced of its kind, normal con- 
dition of entry being a good honours 
degree in Engineering or in Physics. 


Communications Systems Ltd have 
installed a new automatic telephone ex- 
change, the most modern available, at 
Withington Hospital, Manchester. The 
new exchange, which is now in opera- 
tion, provides for twelve exchange lines 
and 200 extensions throughout the 
hospital. 


Enfield Cables Ltd. announce that Mr. 


Rex Bate has been appointed sales direc- 
tor of the company. 
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PUBLICATIONS 
RECEIVED 


REPORTS ON PROGRESS IN PHYSICS VOL. 
XVII (1954). These reports are under the general 
supervision of the Papers Committee of the 
Physical Society. The reports published in this 
volume are being issued also as individual articles, 
at prices depending on length. The Physical 
Society, 1 Lowther Gardens, Prince Consort 
Road, London, S.W.7 Price to Non-Fellows 
50s. Price to Fellows 27s. 6d. 


A BIBLIOGRAPHY OF COLOUR_ TELE- 
VISION has been published by the Television 
Society. In 1953 a Bibliography of Colour 
Television was prepared by the Librarian of 
Ultra Electric Ltd, and copies circulated among 
members of the radio industry. The Television 
Society considered that its usefulness would be 
increased by a wider circulation and have under- 
taken its publication in printed form. The 
Television Society, 164 Shaftesbury Avenue, 
London, W.C.2. Price 2s. , 


INTERNATIONAL AERADIO LTD is a 
brochure, designed and produced by Newman 
Neame Ltd, which gives an account of the work 
of this company, carried out at some 80 locations 
under more than 30 different administrations. 
The extent of these activities and the use to 
which the company’s unique experience has been 
put are briefly described. International Aeradio 
ay Aeradio House, 40 Park Street, London, 


RCA ATOMIC BATTERY gives the brief 
history of a new method which makes it pos- 
sible to convert atomic energy directly and 
simply into small but usable quantities of 
electrical. energy sufficient to operate a_ tran- 
sistor. This was announced in January this 
year by the Chairman of the Board of the 
Radio Corporation of America. RCA_ Photo- 
or Limited, 36 Woodstock Grove, London, 
Ah 


TV TROUBLESHOOTING AND_ REPAIR 
GUIDEBOOK Volume 2, is a_ well-illustrated 
book of assistance to those interested in 
American methods of troubleshooting. John F. 
Rider Publisher, Inc., New York. Price $3.30. 


CAREERS IN RADIO AND ELECTRONICS 
is a booklet which shows diagramatically the 
trainee’s progress from school to the highest 
engineering and executive posts in the industry. 
For the professional engineering grade alone the 
industry, it is stated, requires 1000 recruits 
every year and the number of technicians re- 
quired is very much greater. The booklet is 
available direct from the Secretary, The Radio 
we Council, 59 Russell Square, London, 
W.C.l 


CASRLOCUS OF MICROWAVE _INSTRU- 

NTS. The instruments described in this 
aa are grouped in_ three categories 
according to their application in the 3cm band, 
10cm band, or in more than one band. Together 
with the additions which are made from time to 
time, there is sufficient variety to meet a great 
many requirements. Scanners Ltd, Gateshead 10. 


THE QUARTERLY JOURNAL OF MECHA- 
NICS AND APPLIED MATHEMATICS, VOL. 
VII, PART 2, JUNE 1954 contains various papers 
of the usual high standard of interest. Oxford 
University Press, Amen House, London, E.C.4. 
Price 15s. (Annual subscription for four numbers 
50s. post free). 


GECALLOY LOW LOSS CORES AND MICRO- 
POWDER MAGNETS is a. booklet which 
describes the oduction and use of various 
kinds of Gecalloy material and compares these 
with other magnetic materials. Salford Electrical 
Instruments Ltd., Peel Works, Silk Street, 
Salford 3, Lancs. 
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bites 10 THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A Pulse Frequency Ratiometer 


Dear Sir,—Mr. J. L. Douce’s elegant 
Analogue Divider in the April issue sug- 
gests a simple form of instrument for 
measuring the ratio of two pulse frequen- 
cies. Either or both of the pulse trains 
may be random. The principle is to 
width-modulate the “ numerator” pulse 
train at constant amplitude by a function 
which varies inversely as the “ denomina- 
tor” pulse frequency; this may be 
accomplished by Mr. Douce’s basic cir- 
cuit (Fig. 1) when the voltage applied to 


[1+T7f./f-]. Thus for a linear law with 
random pulses the width-modulation con- 
stant, 7, should be suitably small. 
Yours faithfully, 
B. D. CorBETT, 
Department of Clinical Research, 
University College Hospital 
Medical School. 


The Author replies : 
Dear Sir,—I am grateful to Mr. Cor- 
bett for pointing out this interesting ex- 
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Fig. 1. Simplified circuit of pu'se-frequency ratiometer 


the integrating resistor is supplied from 
a ratemeter tank circuit fed by the 
“denominator” pulse train. 

In the simplified circuit diagram shown 
here CR is the ratemeter tank and V; is 
a cathode-follower which linearizes the 
voltage-frequency relationship and sup- 
plies the voltage to be integrated by the 
Miller transitron, V2. V: in effect forms 
part of a diode pump linear step circuit 
(e.g. M.LT. “ Waveforms,” p. 617) with 
a leak across the storage capacitor, and 
with one diode anode tapped down the 
cathode resistor in order to prevent simul- 
taneous conduction of the two diodes. 
The potentiometer VR, enables a “ back- 
ground ” correction to be applied to fz if 
necessary. V2 is triggered by the 

‘numerator ” pulse train (f;). Vs inverts 
the positive-going screen rectangle and 
operates a Schmitt trigger circuit (V.-s) 
in which V, is normally conducting. The 
reading of the milliameter in the anode 
circuit of Vs is proportional to fi/f. and 
is independent of the precise value of the 
amplitude of the screen pulses from V:. 

If the f; pulse train is random there is 

“dead time” effect depending on the 
ie of the frequency ratio. The mean 
current through V; is /f;,W where J is 
the amplitude (constant), W is the width 
in seconds and f:=f:/(1+f:W). Hence 
if W=T/f, the mean current is /T(f;/f2)/ 
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tension of the principle of the analogue 
divider, 

The comparison of two frequencies is 

a notoriously difficult operation, and such 

a simple and direct method has much to 
commend it. 

Yours faithfully, 
JoHN L. Douce, 

Electrical Engineering Laboratories, 

The University, 

Manchester. 


The Measurement of Very Small 
Direct Currents 


DeaR SiR—In Mr. M. W. Jervis’ 
letter in the May issue, page 219, refer- 
ence is made to the use of barium-stron- 
tium titanate ceramics in dielectric 
amplifiers, and to the rather large tem- 
perature effects in these materials. 

In this connexion, it may be of interest 
that we have developed a new range of 
ceramic compositions having a relatively 
high order of non-linearity, coupled how- 
ever with low temperature variations of 
the permittivity, for this class of material. 

In modulator elements made up from 
these ceramics, variations in capacitance 
of the order of 50 per cent are obtained 
by the application of about 170V b.c., 
the maximum temperature variations in 
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permittivity between 20° and 85°C., on 
the other hand, being only about 15 per 
cent, 

A further point of interest is that the 
ratio of the differential permittivity at 
the coercive field to that at saturation, 


-derived from the hysteresis loops, is 


higher in these materials than for barium- 
strontium titanate; this figure is more- 
over maintained substantially over the 
temperature range of —60°C to +80°C. 
The Curie points of the materials are 
above 100°C, and the loss tangents 
over the working temperature region of 
the order of 0-02, measured at Ikc/s. 


Yours faithfully, 
G. V. PLANER, 


G. V. Planer, Ltd, 
Feltham, Mddx. 


Microphony in Voltage Reference 
Tubes 


Dear Sir,—The letter from Messrs. 
Aitchison and Murray which appeared in 
your May issue was of considerable inter- 
est as we have recently had occasion to 
make a similar series of measurements 
with the 85A2 reference tube. 

The 85A2 being of miniature construc- 
tion is somewhat less liable to microphony 
than the 85Al which was the subject of 
the tests mentioned. The cathode is in 
the form of a three-quarter cylinder sup- 
ported by three spot welded wires spaced 
at approximately 120°, these connecting 
directly to the pins. The anode, being a 
central thick wire, is spot welded to the 
centre of a second thick wire across the 
two anode pins in the base. Although 
neither electrode is supported at its upper 
end, the low moment of inertia coupled 
with the high value of stiffness of such a 
small system ensures that any excursion 
would be of a small amplitude. 

It is believed that the use of mica sup- 
ports in high stability reference tubes is 
to be avoided since it is virtually impossi- 
ble to obtain gas-free mica. Under con- 
ditions of vibration the gas tends to be 
released thus causing a variation in the 
characteristics of the neon. 

The p.c. level of the 85A2 does not 
change when impact tested, once the 
initial transient has died away, which is 
in agreement with the results of Messrs. 
Aitchison and Murray. In fact, four suc- 
cessive decelerations of 100g produced no 
measurable change in burning voltage in 
a mixed batch of 12 neons some of which 
were aged for periods up to 300 hours, 
others being as received from the manu- 
facturers. 

The equivalent figures for Table 1 for 
the 85A2 are as follows :— 

Initial peak of transient for an 


impulse of 1ft lb/sec = 40mV 
Time to decay to l/e of 

inital value = 6-6msec 
Approximate fundamental fre- 

quency = 1 200c/s 
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The twelve neons employed in the im- 
pact test were vibrated at 50c/s at 2g 
and 20g. In neither case, however, could 
any induced ripple voltage be detected. 
The maximum ripple voltage which could 
be resolved with the oscilloscope em- 
poyed was in the region of ImV peak-to- 


peak. 

In order to investigate the rather 
marked difference in performance between 
the 85A2 and the QS83/3 a number of 
the latter were subjected to the same 
impact as specified in Table I. Although 
the fundamental frequency and time- 
constant of the resultant vibration were 
the same as recorded in the table, a mean 
value of 3-7mV was recorded for the 
initial peak of transient. 


Although mechanical tests of valves are 
very difficult.to duplicate exactly and 
Messrs. Aitchison and Murray may well 
have applied their impact in a different 
manner, it is none the less remarkable 
that they have obtained results that differ 
by an order from those measured in our 
own laboratory. Indeed our experiments 
would appear to indicate that on the 
grounds of transient voltage peak pro- 
duced by a given impact there is very 
little to choose between the 85A2 and the 
QS83 /3. 


Yours faithfully, 
H. J. GorHAM, 


Servo Systems Design Department, 
de Havilland Propellers Ltd. 


In reply : 


Dear Sir,—The difference between 
our results and those of Mr. Gorham is 
probably due to the fact that in our 
measurements the impact was applied to 
the side of a small U-shaped sub-chassis 
on which the two valves were mounted, 
and not to the reference valve itself. 
We were mainly interested in a compari- 
son of the two types of reference valve 
we had in hand (the 85A1 and the 
QS83/3), and not necessarily in their abso- 
lute values, as we found that measure- 
ments on a high stability regulated supply 
were being affected by microphony, which 
We were surprised to find originated in 
the reference valve. 


We should be interested to know of any 
experimental confirmation of the ex- 
pected disadvantages of a reference tube 
construction involving mica supports. The 
individual drift characteristics we have 
measured on a small number of valves 
show such large differences for reference 
valves of the same type that general com- 
parisons between types are not possible. 


Yours faithfully, 
R. E. AITCHISON, 


Senior Lecturer in Communi- 
cation Engineering. 


C. T. Murray, 


Lecturer in Electrical 
Engineering, 


The University of Sydney. 
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A Negative Supply for D.C. 
Amplifiers 


Dear Sik,—The conventional resist- 
ance-coupled p.c. amplifier requires a 
negative bias supply of the same order 
of voltage as the positive anode supply, 
as can be seen from Fig. 1. The fraction 
of the signal voltage from the anode of 
V: which is applied to the grid of Vs is 
R2/(Ri+R:2). But neglecting the small 
negative bias on the grid of V2, the poten- 
tial difference across Ri must equal va 
and that across R: equals vy, so that 
(Ri/Rit+ R2) = vo/(Vat+vv) and efficient 
signal transfer requires v» considerably 
greater than v,; and a suitable value is 
about equal to the positive rail voltage 
which is several times the voltage on the 
actual valve anode. If the bias supply 
is 300 volts and the grid-leak 1M&, the 
current drawn from the negative rail is 
only 0-3 mA per stage, and the total is 
less than that demanded from the positive 
rail, much less if an output stage of ap- 
preciable power is included; yet conven- 
tional design requires the complete dupli- 
cation of the power supply, including 
mains transformer with H.T. secondary 
and heater windings, which seems extrav- 
agant. 


vi 





Fig. 1. Conventional arrangement of 
D.C. amplifier 


But for small currents a negative sup- 
ply can be provided without duplicating 
the transformer by using a capacitively 
coupled shunt-diode rectifier fed from 
one end of the transformer used for the 
positive supply, as shown in Fig. 2. Since 
negative output is obtained from the 
anode of a diode, the cathode of the recti- 
fier used for negative supply will be con- 
nected to earth and its heater can be fed 
from the winding used to supply the heat- 
ers of the amplifying valves. In the 
model built by the author a 6X5 recti- 
fier was used because of its low-current 
63 volt heater, and the supply was 
smoothed by an inductance-capacitance 
filter and stabilized with a multi-gap gas- 
discharge tube (Osram STV 280/40). But 
an electronic stabilizer could be used for 
currents of the order of 15mA which were 
catered for by this installation. For 
smaller currents one could use a series 
combination of low-current neon tubes 
for stabilization, and perhaps a miniature 
type of rectifying valve. 

The shunt-diode rectifier has the dis- 
advantage of a larger ripple voltage than 
the series-diode circuit, because the 
anode potential of the shunt diode falls 
practically to zero when the supply 


413 





reaches peak positive and the diode con- 
ducts. It is therefore very desirable to 
use a choke as the first filtering element, 
but for small currents this need not be 
bulky, and resistance-capacitance filtering 
can be substituted with small currents if 
there is adequate surplus voltage. 








4h 


Fig. 2. The stabilized negative supply 


Since the anode potential of the diode 
approaches the cathode potential at the 
most positive part of the supply cycle, the 
peak inverse voltage is a trifle over the 
peak-to-peak voltage of the supply. 
Another incidental point is that the nega- 
tive rectifier draws current from the trans- 
former half-secondary when the positive 
rectifier is not drawing current; and since 
the copper loss is proportional to the 
square of the current, the addition of the 
negative rectifier adds less to the second- 
ary copper loss than would an equal addi- 
tion to the current drawn from the posi- 
tive rail. 


Yours faithfully, 
D. A. BELL, 


Electrical Engineering Department, 
University of Birmingham. 





Meetings This 
Month 


The British Institution of Radio 
Engineers are holding a _ meeting 
on 29 September at 6.30 p.m. at the 
London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, 
London, W.C.1. Dr. A. E. Cutler will 
speak on “Computing Circuits in Flight 
Simulators ”. 

The British Sound Recording Asso- 
ciation’s presidential address will be 
given on 24 September at 7 p.m. at the 
Royal Society of Arts, John Adam 
Street, London, W.C.2. 

The Physical Society’s 38th Guthrie 
Lecture, which was to have been held 
on 26 March last, and had to be can- 
celled at the last moment owing to 
illness of the lecturer, will be delivered 
on 24 September, at 5 p.m. in the Lecture 
Theatre, The Science Museum, Exhibi- 
tion Road, London, S.W.7. The 
lecturer, Sir Geoffrey Taylor, will speak 
on “ Diffusion and Mass Transport in 
Tubes”. Non members will be welcome 
to attend this meeting. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Electronic Tachometer 
(Illustrated below) 


f pe electronic engine speed indicator 
enables a result with an accuracy 
better than 0-1 per cent to be obtained 
in a timing interval of one to four 
seconds. 

The rotary motion of the shaft must 
first be converted to electrical pulses 
and this can be done in a variety of 
ways, as for instance, the use of a 
photo-electric device. 

The instrument counts the number of 
pulses generated in a period of one, 
two or four seconds. These periods are 
timed by a 4kc/s crystal oscillator 


accurate to 0-005 per cent, the output 
frequency of which is divided by 4000, 
with the aid of two  Eccles-Jordan 
scale-of-two counters and three Deka- 
trons, to produce a Ic/s pulse. This 
gating 


triggers a circuit interposed 





between the incoming signal and the 
counting unit, consisting of four more 
Dekatrons behind the front panel. The 
gating circuit remains open for one 
second, after which it is closed by the 
next pulse derived from the crystal. The 
total count then remains on display for 
approximately 0-8sec, when a clearing 
relay returns the Dekatrons to zero in 
readiness for the next count. Alterna- 
tively, the instrument may be operated 
manually by means of a push-button. 
When this is employed one count only 
is registered and the fina! count is dis- 
played until the button is again operated. 
The operation of the counting unit can 
be checked by feeding a 2kc/s signal 
from the output of the first Eccles-Jordan 
scale-of-two counter to the input termi- 
nal by means of a switch. 

The limit of accuracy is determined 
by the tolerance of the crystal (0-005 
per cent), and by the integral count 
method employed. Input frequencies 
with a minimum amplitude of 100mV 
between 100c/s and 3000c/s can be 
determined to the nearest 1 in 1 second. 


The Plessey Co., Ltd, 
Ilford, Essex. 
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accessories and test instruments. 





Stabilized Power Unit 
(Illustrated above) 

HIS new Solartron regulated power 
supply type SRS.155 is a develop- 
ment of the model SRS.154 high stabi- 
lity unit, The new instrument, however, 
provides an output of 250V positive or 
negative at currents from 10 to 100mA. 
The stabilization ratio is better than 
500:1, and the source impedance less 
than 0:052. At the full output load of 
100mA the total ripple and noise con- 
tent is less than 100#V, The unit is 
expressly designed for incorporation 
into equipments, or for use with 
experimental circuits in the laboratory. 
Solartron Electronic Group Ltd, 
Solartron Works, 
Queen’s Road, 
Thames Ditton, Surrey. 


Transformer Oil 

NEW passivated transformer oil 
has recently been announced by the 
Manchester Oil Refinery. It is claimed 
to have a number of advantages over 
the oils normally used in transformers 
and capacitors. It has no tendency to 
dissolve copper or iron, while if soluble 
copper compounds are accidentally in- 
troduced into the oil they are rendered 
harmless. An anti-oxidant has also been 

added to the oil to extend its life. 
The Manchester Oil Refinery Ltd, 
Twinning Road, 
Trafford Park, 
Manchester, 17. 


A.F, Oscillators 
(ilustrated below) 


WO audio frequency oscillators of 
0-66W and SW output are now 
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included in the range of “ Hifi” instru- 
ments. These are known as the types 
HO.50 and HO.500 and cover the fre- 
quency range 20c/s to 20kc/s. Alterna- 
tive models types HO.SOA and HO.500A, 
with a frequency range of 20c/s to 
40kc/s, are also available. 

The stated performance is; hum level, 
—60db at maximum output; distortion, 
less than 1 per cent at maximum out- 
put; frequency response, +0-5db overall 
when correctly loaded. 


Hifi Ltd, 

Derry Works, 
Derry Street, 
Brierley Hill, Staffs, 





Cathode-ray Oscilloscope 
(Illustrated above) 
.— miniature oscilloscope model 2300 


manufactured by Industrial Elec- 
tronics uses a 2}in C.R.T., and has out- 
side dimensions of 4}in by 7}in by 7}in. 

Direct coupled push-pull vertical and 
horizontal amplifiers are incorporated. 
The Y amplifier is controlled by a 
two position switch providing sensitivi- 
ties of 50mV/cm from p.c. to 100kc/s 
and 500mV/cm from 20c/s to 3Mc/s; 
a continuously variable gain control is 
fitted; a frequency compensated. attenua- 
tor is also incorporated. The X ampli- 
fier has a maximum sensitivity of 70mV/ 
cm from p.c. to 100kc/s. The time- 
base frequency is variable from 7c/s to 
50kc/s in five ranges; sweep expansion 
up to five screen diameters is possible. 


G. A, Stanley Palmer, 
Maxwell House, 
Arundel Street, 
London, W.C.2. 


U.K. Distributors 
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Valve Top Cap Connectors and 
Retainers 


(Illustrated above) 


Bec latest additions to the range of 
Electrothermal radio components are 
the connecting clip cat. No. TC/4 for 
use with B7G and B9A based valves, 
complete with retainer cat. Nos. VRK. 
156, 157 and 158. 

The clip is moulded from a special 
heat resistant, non-tracking material and 
designed for top cap connexions for 
B7G and B9A valves. It provides an 
efficient contact, and when used with the 
appropriate valve retainer, the valve, 
with the clip, will be held in position 
under the worst conditions of vibration 
and shock in mobile, portable and trans- 
portable electronic equipment. Three 
sizes of valve retainer are available to 
fit all bulb lengths in common use. 


Electrothermal Engineering Ltd., 
270 Neville Road, 
London, E.7. 


L.E.S. Lampholders 


RANGE of Lilliput Edison Screw 

pilot lampholders with a variety of 
fixing arrangements is now being pro- 
duced by Bulgin. These lampholders, 
which are considerably smaller than the 
better known M.E.S. size, are manufac- 
tured to Section E.6 of B.S.98; the out- 
side diameter of the bulb holder being 
approximately in. 


A. F. Bulgin & Co., Ltd, 
Bye Pass Road, 
Barking, Essex. 


L.E.S. Pilot Bulbs 


{Ree a range of bulbs now 
includes types having bulb 
diameters of "Shas and 75mm. They 
are available in a wide range of power 
ratings from 1-5V 0:3A to 28V 0-04A. 


Vitality Bulbs Ltd, 
Neville House, 
Neville Place, 
London, N.22. 


Radiation Monitor 


HIS transistor-operated instrument 

monitors gamma radiation and uses a 
GSH type Geiger-Muller tube. Power 
supply is a 30 volt hearing aid battery 
and consumption is approximately 2mA. 
The transistor circuit converts the battery 
voltage to 400V required for the G.M. 
tube. Indication is by means of head- 
phones, a selection of which is available, 
ranging from normal headset types to 
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aid insert type. 


Radiometrics Ltd, 
44 Tottenham Court Road, 
London, W.1. 


lightweight hearing 





Television Masthead Pre-amplifier 
(lliustrated below) 


Bien: Dynatron type 2 masthead pre- 
amplifier uses a single valve double- 
triode circuit and gives a gain of 16db. 
It is intended for use in fringe areas 
and is readily adjusted to any one of the 
five channels in Band 1. The input and 


output impedance is 802, The amplifier 
is contained in a bell-shaped aluminium 
casting which is designed to withstand 
all normal 


weather conditions. A 





feeder unit is available for supplying the 
necessary power (at 18V). 

Dynatron Radio Ltd, 

The Firs, 

Castle Hill, 

Maidenhead, Berks. 


Decade Capacitor Box 
(Illustrated below) 
oe main feature of this decade capa- 
citor box is the use of a new patented 
design of eleven-position switch which 
makes possible a considerable saving in 





manufacturing costs. The range of the 

box is 0:001uF to 1:114F in 0-0014F 

steps; the stray capacitance being less 

than 15pF per decade. The working 

voltage is 500V p.c., except for the 
0-1uF range where it is 350V. 

Winston Electronics Ltd, 

Park Mews, Park Road, 

Hampton Hill, Middx. 


Computor Amplifier 
(Illustrated above right) 


Been D.c. amplifier has been designed 
as a basic building block for analogue 
computor assemblies. It is arranged to 
fulfil the dual function of high gain, high 
accuracy, slow speed computing and 
higher speed repetitive computing. It 
performs the operations of summation, 
differentiation and integration and will 
provide any desired transfer function 
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when used in conjunction with suitable 
computing impedances. The main circuit 
is drift-corrected and a separate drift- 
compensated amplifier is provided for 


sign reversal. 
Saunders-Roe Ltd, 


Isle-of-Wight. 


Transformers 


A COMPReenaNE range of H.T., 
E.H.T., auto and audio frequency 
transformers is being manufactured by 
Radford Electronics. The H.T. range of 
transformers includes types rated from 
15mA at 250V to 180mA at 550V. A 
feature which makes for an easy choice 
of the correct type is the method of rating 
these components; the pD.c. output volt- 
age and current being listed together 
with a regulation figure for a given valve 
and capacitor combination. 
Radford Electronics Ltd, 
149 Newfoundland Road, 
Bristol 2. 


Television Signal Intensity Meter 
(lilustrated below) 


pawns instrument is designed as a quick 
means for ascertaining the average 
level of a television signal being 
received. It comprises a three-stage R.F. 
amplifier and germanium diode detector 
feeding into a microameter. The sensi- 
tivity is 0 to 10mV covered in three 
ranges. It is a single channel instrument 


and is supplied set up for the channel 
specified. The intensity meter is mains 
operated and weighs approximately 7lb. 
Radio-Aid Ltd, 

29 Market Street, 

Watford, Herts, 
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BELL BOOKS 
for your bookshelf 


Mathematics in Action 
O. G. SUTTON, F.R.S. 
* The story which the author tells illumines 
the essential features of the scientific method 
—the search for basic principles hidden 
within experimental results, and _ the 
development of pathways from basic 
principles to new experiments and specula- 
tions... . His examples are beautiful little 
essays.’—NATURE. Illustrated. 16s. net 


pruraCeneise Histery 70 
of Mathematies 

“" @ BVEDIRK J. STRUIK 
A brilliant short history of the evolution of 
mathematical ideas by the Professor of Math- 
ematics at M.I.T. 320pp. Illustrated. 14s. net 


Mathematics and 

the Imagination 

E. KASNER and J. NEWMAN 
A witty and exceedingly good popular 
introduction to the newer parts of mathe- 
matics for students. Jllustrated. 16s. net 


Mathematics: Queen and 
Servant of Science 
E. T. BELL 
author of ‘ Men of Mathematics’ 
A survey of mathematics from Euclid to the 
most recent developments in mathematical 
physics, equally divided between pure and 
applied mathematics. Jllustrated. 21s. net 


LONDON: G. BELL & SONS, LTD. 


——— 
Pie” om 








The latest 
“Electronic Engineering” 
monograph 


RESISTANCE 
STRAIN GAUGES 


By J. Yarnell, B.Sc., A.inst.P. 
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This book deals in a practical manner 
with the construction and application 
of resistance gauges and with the 
most commonly used circuits and 
apparatus. The strain-gauge rosette, 
which is finding ever wider applica- 
tion, is treated comprehensively, 
and is introduced by a short exposi- 
tion of the theory of stress and strain 
in a surface. 


Order your copy through 
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BOOK REVIEWS 


Thermionic Valves 
Their Theory and Design 


By A. H. W. Beck. 570 pp. Demy 8vo. Cam- 
bridge University Press. 1953. Price 60s. 
pyyane the last twenty years, at 

irregular intervals, many books on 
thermionic valves have been published— 
each in its turn to be welcomed and used 
by valve engineers and students. The 
usefulness of any one of these has often 
been determined by the accuracy with 
which the author has gauged the needs of 
his contemporaries in terms of what to 
include or omit and what to treat fully 
or cursorily. 

The subject matter of Mr. Beck’s book 
seems to us to have been very shrewdly 
chosen to meet the needs of his present- 
day readers and, it may be said, to sup- 
plement other works written on a more 
conventional plan. As the author says 
in his preface, the whole book has been 
strongly influenced by and biased towards 
microwave valves, the pre-occupation 
today of many valve engineers. We 
hasten to add, however, that the book is 
very wide in its scope and is not in any 
sense restricted by this bias. 

The three parts into which Mr. Beck 
divides his book are unequal but bal- 
anced in length. The first part, of three 
chapters, covers such subiects as therm- 
ionic, secondary and field emission and 
fluorescence. Its interest lies not only in 
the fact that we receive a short but useful 
summary of up to date emission theories, 
but also in its derivation of some familiar 
(and some not so familiar) expressions by 
the modern quantum treatment. The 
virtue of this, of course, lies in its con- 
sistency—its linking of Dushman’s equa- 
tion, semi-conduction, field emission and 
so on all within the same framework. 
Of necessity, not all the discussions can 
be given in their entirety. This tends to 
make some of them rather difficult to 
follow without referring to the original 
papers. The purpose of this section is 
to provide a fundamental physical back- 
ground for the rest of the book. 

The second part called “ The Mathe- 
matical Theory of Electronics” treats of 
these general properties of valves which 
are, for the most part, common to all 
types. Five chapters are required and 
typical headings are “‘Electrostatic Fields,” 
““Space-charge Flow” and “ Fluctuation 
Noise.” The order of treatment of the 
different subjects is unusual—electrostatic 
electron optics follows the treatment of 
electrostatic fields and precedes that of 
space charge flow and the diode. This 
appears to us to be a logical and con- 
venient method and certainly helps read- 
ing. The latter chapter will appeal 
greatly to the valve engineer. The last 
two chapters on transit time effects and 
noise respectively provide at once a useful 
summary of the two subjects and a link 
with the next chapter. 

The third and final part occupies about 
a half of the whole book and treats of 
the detailed properties of specific valve 
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classes and types. While a very con- 
siderable portion of this part of the book 
concerns U.H.F. valves such as magne- 
trons, klystrons and travelling wave 
tubes, conventional valves for low and 
medium frequencies are not neglected. 

As has been indicated earlier the 
author appears to have given considerable 
thought to the order in which he arranges 
his subject matter. In this section he 
starts with triodes and miulti-electrode 
valves and gives the various solutions of 
what might be termed the electrostatic 
geometrical problem, that is the calcula- 
tion of amplification factor, current flow 
and mutual conductance. The chapter 
on multi-grid valves includes pentodes, 
tetrodes and multi-electrode frequency 
changers. The treatment in this chapter 
is less full than in some, other recent 
books. 

He next proceeds to a chapter in which 
the information is very condensed, on 
conventional transmitter valves. The 
high light of this chapter is perhaps the 
data on grid current and current distribu- 
tion. 

Before presenting the subject of ultra- 
high frequency triodes, he gives us a 
chapter on velocity modulated valves so 
as to present the theory of electron 
bunching and velocity modulation as 
early as possible since it applies in some 
degree to all devices used for U.H.F. am- 
plification or generation. In this chapter 
he extends it to give the theory of the 
ordinary amplifier klystron and the reflex 
klystron. : 

The very important subject of triodes 
at ultra-high frequencies is lucidly pre- 
sented and is largely based on Llewellyn’s 
equations given in Chapter VII on transit 
time effects. Not the least satisfying 
aspect of this chapter is its clear state- 
ment of the limitations of the theory. 

The rather new subject of travelling 
wave and similar tubes is next dealt with 
and the author gives us what he calls 
“the simple theory.” This is perhaps a 
correct description as the author points 
out that a large signal theory is still 
lacking. 

The magnetron in all its aspects com- 
pletes the array of U.H.F. devices and the 
theory is given first neglecting space 
charge effects and secondly including 
them. Electron and field interaction are 
then treated and the chapter ends with a 
brief reference to the magnetron ampli- 
fier. 

The book concludes with a brief des- 
criptive chapter on picture convertors and 
storage tubes. Three appendices bring 
the reader up to date on emission theories, 
space-charge waves and noise in travel- 
ling wave tubes. ; 

It is particularly to be noted that in 
all the chapters On U.H.F. devices the 
question of noise is very meticulously 
presented. The bibliography appears to 
be entirely adequate and the presentation, 
of course, is all that one expects of the 
Cambridge University Press. P 

In general terms, it is felt that this 
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book can be regarded primarily as a refer- 
ence book rather than as a learning book. 
This is because many of the mathematical 
processes are condensed—to varying 
extents, of course—and, if full detail is 
required, reference must be made to the 
original publication. We feel sure, how- 
ever, that it will take its place on the 
shelves of all valve engineers among other 
standard works. 


F. M. WALKER. 


Einschwingvorginge 
Gegenkopplung, Stabilitat 
Theoretische Grundlagen und 
Anwendungen 
(Transient Phenomena— 
Counter-coupling, Stability— 
Theoretical Principles and 
Applications) 


By Johannes Peters. 181 pp., 130 figs. Medium 
, Springer Verlag, Berlin. 1954, Price 


LECTRONIC engineers able to tackle 

a’ German text and having the neces- 
sary mathemat@eal and technical back- 
ground will certainly profit by studying 
this interesting and thought inspiring 
book, written by the research director of 
the Nordwestdeutsche Rundfunk. It is 
remarkable how more and more disci- 
plines of higher mathematics are nowa- 
days expected to be at the disposal of 
tho:e who want to get a better insight 
into the complexities of radio and tele- 
vision theory. A sound knowledge of at 
least the elements of the theory of func- 
tions, of Fourier and Laplace transforms, 
of Dirac distribution, of convolutions, of 
matrix algebra and of the theories of 
quadrupoles and loci is presupposed. 
This indicates the necessity of acquiring a 
sound knowledge of pure mathematics at 
least for those future research workers 
who will be called upon to deal with the 
theoretical aspects of the art. Also re- 
quired for the understanding of the book 
is a familiarity with the principle of the 
valves and their characteristics and with 
the elements of filter theory. 

When about 45 years ago the first 
books appeared about transient pheno- 
mena, for instance that of Steinmetz, 
nothing was known about electronic 
valves and comparatively little about 
modern methods of network analysis. 
Steinmetz dealt mainly with problems of 
power engineering. His mathematical 
tools were of a simpler type but rather 
cumbersome in their application. The 
present author was led to his investiga- 
tions by trying to find the conditions 
under which counter-coupled amplifiers 
show stability. But the subject matter 
grew under his hands and this problem is 
now dealt with mainly in the fourth 
chapter of the book. A brief summary 
of the main contents of the book will 
now be given. 

In the first chapter general static and 
dynamic properties of linear transmission 
systems are discussed. Definitions are 
given for complex amplitude, complex 
transmission factor, complex propaga- 
tion constant, complex frequency, all- 
passes and allpass-free systems. The 
application of the theory of functions, 
particularly of Cauchy integrals and of 
Fourier and Laplace transforms are dis- 
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cussed and analogies are shown with 
potential theory. The part played by 
zeros, poles and residues is explained. 
The connexions between carrier fre- 
quency systems and LF. systems are 
shown. 

The second chapter deals with trans- 
mission factors for passive and active 
systems. Matrix algebra and transforms 
are used in dealing with network analysis 
and the transmission factors of systems 
containing valves, i.e. active systems, are 
briefly discussed. 

The third chapter is devoted to ques- 
tions of stability, stability criteria and 
stabilization. The mathematical condi- 
tions of stability are explained alge- 
braically and by methods of the theory 
of functions. Hurwitz’s and Nyquist’s 
methods for obtaining a stability criterion 
are explained and the stabilization of an 
amplifier circuit is discussed. 

As already mentioned the fourth chap- 
ter deals with the counter-coupled ampli- 
fier. The errors caused by non-linear 
distortion, by noise voltage and by fluc- 
tuations of the amplification, the general 
connexion and mode of action of coun- 
ter-coupling, the reduction of faults, 
passive networks, main amplification and 
special cases are discussed and some 
practical hints are given for the range of 
application of counter-coupled amplifiers 
and their design. 

Of particular value also for mechanical 
engineers concerned with regulating sys- 
tems is the fifth chapter which deals with 
mechanic, electric and mechanic-electric 
transmission systems. The analogies 
between mechanical and _ electrical 
switching elements are shown and the dif- 
ferential equations for simple connexions 
are derived both for electrical and 
mechanical systems. 

The book is written in a very fluent and 
readable style. A welcome feature is 
that at the end of each chapter a concise 
summary of its contents is given in a few 
brief sentences. Throughout the book 
numerous examples show the application 
of the theories to selected problems. The 
book is well produced though it must be 
mentioned that some minor errors and 
misprints besides those listed in a fly leaf 
supplied with the book could be noticed. 
The careful reader will find no difficulty 
in tracing and correcting them. A list 
of symbols used, of references to litera- 
ture and an adequate subject index are 
provided. Author and publishers mov 
be congratulated upon this valuable addi- 
tion to the literature of a specialized 
but important field of engineering. . 


R. NEUMANN. 


Modern Electroplating 


Edited by Allen G. Gray. 561 pp., 40 figs. 
Medium 8vo. John Wiley & Sons, Inc., New 
York. Chapman & Hall, London. 1953, Pricc 


68s. 
bie purpose of the book is to present 
the details of today’s commercially 
available processes, not only to the elec- 
troplating industry, but to those indus- 
tries which may be considering or using 
the processes. It is written by thirty-nine 
experts, each currently active in his field 
and each chapter contains references and 
an adequate bibliography. 
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The Insulation of. Electrical 
Equipment 
Edited by Willis Jackson. 340 pp., 80 figs. 
ad 8vo. Chapman & Hall Ltd. 1954. Price 


Ts book comprises a series of lec- 
tures delivered at a post-graduate 
vacation school at the Imperial College 
of Science and Technology in London in 
1952. Both theory and practice are 
covered, or it may be expressed as the 
physics and the engineering aspects, in- 
cluding such subjects as the general pro- 
perties related to structure of the mater- 
lal, permittivity, dielectric loss and 
breakdown, followed by the practical 
aspects commencing with a classification 
of insulating materials and chapters deal- 
ing with specific fields of use, such as 
communications, cables, machines, trans- 
formers and switchgear. The final chap- 
ter (No. XI) deals with insulation testing. 
Authors include manufacturers and 
non-manufacturers, and the whole is 
edited by an acknowledged authority on 
recent theoretical studies in insulating 
materials. Although the electronic engi- 
neer may not be interested in the applied 
“power” chapters, other than that on 
communications components, all the 
fundamental physics will be of value, as 
to all electrical engineers. There are 
most useful chapter bibliographies which 
include the relevant Standards, Reports 
and Specifications of the B.S.I., E.R.A. 
and R.C.S.C. as well as comprehensive 
references to books and papers. Such 
a book cannot fail to be a standard work 
on the subject of insulation and its appli- 
cation. The production of the book is 
excellent and includes = on art paper; 
almost a novelty in these days of post- 
war economies. 


E. H. W. BANNER. 


The Physics of Experimental 
Method 


By H. J. J. Braddick. 404 pp., 85 figs. Demy 
8vo. Chapman & Hall Ltd. 1954. Price 32s. 

RIMARILY intended for advanced 

students, this book gives practical data 
and theory relating to experimental phy- 
sics. Vacuum, optical, photographic, 
nuclear physics and electronic circuit 
techniques are described in sufficient 
detail for their application in experiments 
to be understood. A chapter is devoted 
to magnetic and electrical: measurements, 
mainly the measurement of small volt- 
ages and currents, and another deals with 
the natural limits of such measurements. 
These bring out many points not always 
appreciated by physicists. A very useful 
chapter deals with computation and the 
evaluation of errors in experimental 
results. Aspects of the mechanical 
design of apparatus are reviewed, and 
much useful data is provided on the 
physical properties of traditional and new 
materials of construction and _ their 
working. 

This very wide field is covered in 400 
pages but, not only has Dr. Braddick 
provided sufficient detail for students, he 
has produced a very useful reference 
book. The material is up to date and 
lucidly presented with points illustrated 
by well-chosen examples. 

It is perhaps unfortunate that some 
unusual symbols occur: for example, v 
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is used for frequency and Y for Young’s 
modulus. Though the book recommends 
B.S.S. 530 for guidance on drawing cir- 
cuits, unconventional and _ inconsistent 
circuit symbols are used, and the circuits 
are not always clear. Some component 
values are given but are of little use since 
valve types and the remainder of the com- 
ponents are unspecified. The isolation 
of apparatus from uncontrolled outside 
disturbances, such as vibration, is dis- 
cussed but there is little mention of tem- 
perature or voltage’ stabilization. The 
latter is represented only by a few circuit 
diagrams which have strayed to the 
nuclear physics chapter. These could 
well have been included in the section 
on feedback or, at least, a reference made 
to the text books on the subject. Cloud 
chambers are discussed at greater length 
than is likely to be required by the aver- 
age physicist. On the other hand, the 
section describing kinetic vacuum tech- 
nique is very brief. The usefulness of 
the book to post-graduate readers would 
be increased if there were more refer- 
ences, particularly to text books, as these 
are often more useful than specific 
papers. 

There are very few misprints in the 
book, and the production is of a high 
standard with a good index. Though 
not attempting to be comprehensive, it 
will nevertheless be of great value to 
degree or research students, and to part- 
time Higher National Certificate students 
working in physics laboratories. It can 
also be recommended as a work of refer- 
ence to the practising physicist or the 
electronic engineer working with physi- 
cists. 

M. W. JERVIS. 


Magnetic Amplifiers and Saturable 
Reactors 


Edited by M. G. Say. 199 pp., 50 figs. emy 
8vo. George Newnes Ltd. 1954. Price 21s. 
pecenssce: SAY has edited a timely 

volume, of value to practical engineers, 
and a source of stimulation to designers 
in its simplification of the subject of 
many highly analytical scientific papers. 

It is a measure of the calibre of the 
contributors that they write from experi- 
ence in such companies as_ B.T.H., 
Metropolitan-Vickers, | Electro-Methods 
and Elliott Brothers. It says something 
for the editor’s organizing ability that the 
several sections are complementary and 
of fairly even quality. This form of mul- 
tiple authorship is often used in the 
U.S.A., notably in the M.I.T. Radiation 
Laboratory series, and it has the merit 
that a textbook can appear more quickly 
and be of wider scope than a review by a 
single author. 

In this case the latest reference given 
is August 1953, and the book was issued 
early in 1954: the publisher also issues 
magazines and no doubt could provide 
editorial facilities to speed up the process 
further still. It is of interest that they 
promise a volume on transistors, and 
these two volumes together will under- 
line the “ new look ” in electronics which 
we may not yet fully recognize. For 
example the authors mention a servo am- 
plifier in which a magnetic amplifier 
output stage took only 25mA as com- 
pared with the 120mA of the valves it 
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replaced, Similarly we know of hearing 
aids where the substitution of a single 
transistor has multiplied the battery life 
four times! These are engineering ad- 
vances of the same order as the change 
from cast iron to steel, and from steam 
to jet engines. There will be few readers 
of the present volume who will not be 
introduced to at least some new applica- 
tions of magnetics. 

Mr. W. S. Melville contributes a clear 
introduction to magnetic principles, and 
treats the mechanism of saturable reac- 
tors and magnetic amplifier circuits in an 
easily followed step by step description, 
with simplified analyses that will appeal 
to the practical designer. 

In a chapter on construction Mr. J. A. 
Lunt sets out mechanical details which 
probably have not appeared in a coherent 
form elsewhere. Mr. Baracz outlines the 
basic push-pull forms of magnetic ampli- 
fiers, and Dr. Frost Smith and Mr. P. D. 
Atkinson deal ably with the important 
magnetic modulators, of which this must 
be the first comprehensive review. They 
then go on to describe many applications 
in power control, and in instrumentation. 

The comparison of fferformance of 
sensitive amplifiers must depend on a 
definition of the term “ zero stability,” 
and in attempting this on page 126 as 
“the input power required to produce a 
change of output equal to that produced 
by zero-drift ” the authors omit the vara- 
meters of time and bandwidth or inform- 
ation content, a not uncommon error. 
Surely Williams and Noble’s second har- 
monic amplifier with a stability of 10-" 
watt and a bandwith of 3 cycles deserves 
a better figure of merit than the contact 
modulated ampl'fier of Liston for which 
10-“watt is quoted, although the time 
constant is many seconds? In no case, 
except figure 4-8, is the time interval of 
the drift measurement indicated. 

For future editions an attempt at some 
such “figure of merit” is suggested, 
together with a discussion of the inter- 
changeability of its parameters such as 
drift versus time constant. One refer- 
ence is made on page 2 to amplifiers res- 
ponding in one cycle of the supply, but 
this important aspect is not pursued, nor 
is there any attempt to explain why an 
amplifier excited at 25kc/s can realize a 
signal frequency response of only up to 
3kc/s. The section on binary digital 
circuits contains some useful data, but 
it is less comprehensive than the surveys 
made of the other applications. 


Denis L. JOHNSTON. 


The Mechanism of Economic 
Systems 

By Arnold Tustin. 161 pp., 55 figs. Demy 
8vo. William Heinemann. 1953. Price 25s. 

HE author is Professor of Electrical 

Engineering in the University of 
Birmingham and the book explains 
recent advances in our understanding of 
the mechanism of booms and _ slumps 
and economic fluctuations generally. This 
account will interest not only economists 
and students of economics, but it also 
provides for engineers and technicians an 
approach to the possibilities of modern 
economic developments in terms with 
which they are already familiar. 
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TRIFLUORIDE(BF3) ~ 
PROPORTIONAL 
COUNTERS 


The BF, Proportional Coun- 
ter employs the B® (n, a) 
reaction for the detection of 
slow neutrons. Excellent 
characteristics are obtained 
combining high detection 
efficiency with low back- 
ground. 


The Counters are of metal 
construction and are filled 
with unenriched BF, with an 
isotopic concentration of 19 
per cent B?, 


SENSITIVITY 


For a type 12B40 Counter 
approximately 700 counts/ 
sec. are obtained for a thermal 
neutron density of 0.01 
neutrons/cc 20 per cent. 


SPECIFICATION 


The Counters’ are specified 
as follows: Active length 
(cms)—B—Gas Pressure (cms 
Hg). eg. A type 12B40 
Counter has an active length 
of 12 cms. and is filled with 
40 cms. Hg of unenriched 
BF;. 
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@ Motors may be wound for a range of supply frequencies and voltages. 





AVERAGE 
FRAME SIZE SUPPLY CHARACTERISTIC STARTING RATED LOAD 
PHASES TORQUE TORQUE 





FC33 & 34 | or 2 
FC31 & 32 or 2 
FC35 & 36 | or 2 

FC30 


FZ2 & 3 
FZI1 & 12 
FZI 








FEI6 
FE2I 
FEI7 
FEI8 
FEI8 

















PEA>O| >wOY| >PYON 
SRSoua|] Swe] a-vn- 
oooow ooo QOuqnn 
SSSSo/ naw! nn-, 
oooouw oo, on™ SS 
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@ Average temperature rise— 
55°C. at rated H.P. 








TYPICAL CHARACTERISTICS 
A HIGH RESISTANCE ROTOR 
B LOW RESISTANCE ROTOR 
C SYNCHRONOUS ROTOR 














SPEED SYNCHRONOUS 


@ Full details of these and other F.H.P. Motors can be had in Publication EE 262. = Con} 


EVERSHED AND VIGNOLES LIMITED 
EVERSHED ACTON LANE WORKS - CHISWICK + LONDON + W4 


Telephone: Chiswick 3670 Cables: Megger, London : Telegrams: Megger, Chisk, London 
6/152 
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Two. New 


DEKATRONS 


cc 10D) 20 k.c. single pulse, counter tube with the 
universally acknowledged ‘* Dekatron’’ reliability. 


(Gs 10C) A plug-in 4 k.c. selector-tube with access 
to all cathodes. 


For full particulars of these new tubes, together with details of 
other dekatrons, reference tubes, stabilizers, and trigger-triodes 
apply for your copy of ‘* Cold-Cathode Tubes” to:- 


ERICSSON TELEPHONES LIMITED 


HEAD OFFICE: 


22 LINCOLN’S INN FIELDS, LONDON, W.C.2 
WORKS: BEESTON (NOTTS) 
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THE 


“NINE-ONE-TWO 


A book you simply must get? 























On sale at the G.E.C. Demonstration Room D8 (where 
the Amplifier will be demonstrated), The National Radio 
and Television Exhibition, Earls Court, or 3/9 post free from 
The General Electric Co. Ltd. 








As the “Williamson” KT66 Amplifier — designed 
NOTE THESE POINTS :— around Osram Valves —set the standard in its 
Full power output (12 watts) within Idb from 30 to 20,000 class throughout the world, mm aed the Osram 
cycles/sec. (9 octaves). 912 sets the standard in high quality sound for 
Provision for 4 controls of frequency response (in addition everyman. 
to volume control), to achieve the requirements of “Art” . ‘ 
in listening. * Complete circuit data 
Uses the famous Osram Z729 low noise pentode — acknow- * Easily followed wiring diagram 
ledged the lowest measured microphony and hum level of 7 ‘ - 
any comparable valve in the world. %* Specified components of highest quality 
Uses NEW Osram power pentodes type N709 in push-pull only 
“ultra-linear”” output stage, with selective feedback. * Performance curves 
Sets a startlingly new standard (combined with G.E.C. ; : 
speaker in octagonal loaded port cabinet) in the realism Much other valuable information for the Home 
possible from listening to modern L.P. records. Constructor is in the book — “‘ The Osram 912” 
Variable “slope” control allows for reduction of surface i ; “ i ; 
noise in older cherished records, with minimum reduction = practical sequel to “Art and Science in 
in higher frequency response. Sound Reproduction. 


THE GENERAL ELECTRIC COMPANY LTD... MAGNET HOUSE, KINGSWAY, W.C.2 
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SILICONE 








INSULATION 








in electronic equipment 


Silicone-bonded insulation includes _resin- 
bonded glasscloth laminates in rod, tube 
and sheet form that can be machined and 
fabricated ; varnished glasscloth from 0.004in. 
thick; micaniteand mica/glasscloth; varnished 
glasscloth and silicone rubber sleevings and 
silicone-enamelled winding wire. Coils are 
impregnated with silicone varnish MS997. 
Silicone insulation will withstand operating 
temperatures at least 50°C. higher than con- 
ventional insulation. Where extreme com- 
pactness of design is necessary, particularly if 
excessive temperature rises are likely, silicone 
insulation is recommended. 


100.000 


10.000 


LIFE IN HOURS 


1,000 


100 





150 200 250 300 
DEGREES CENTIGRADE 


) 


ELECTRONIC ENGINEERING 


Write for full information to 


MIDLAND SILICONES LTD 
(An associate company of ALBRIGHT & WILSON LTD.) ° 
19 UPPER BROOK STREET: LONDON: W.1. (Tel: Grosvenor 4551) 





A recent, typical example of a component designed for silicone 
insulation is the power transformer made by Marconi’s Wireless 
Telegraph Co. Ltd. for use in B.B.C. television cameras. These 
transformers are insulated with silicone-bonded materials and 
impregnated with silicone varnish for operation up to 150°C. 
By using silicone insulation the transformers give more power 
per pound weight than with any other form of insulation. 


THIS GRAPH compares the thermal endurance of silicone varnishes. The “ life” 
is based on the hours necessary to reduce the electric strength of varnished glasscloth 
to half its initial value. Measurements were made on strips of heat-cleaned 0.004 in. 
glasscloth. Each strip was dip-coated with the varnish, cured and then dipped and 
cured again to give a finished thickness of 0.007 +0.001 in. 
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unication... 


Marconi’s fitted the first ship 
with wireless and by 1907 200 
ships and more than 100 shore 
stations had been equipped. 
Today practically every vessel 
that ventures on the high seas 
carries wireless. All radio approach 
and marker beacons around the 
British Isles have been designed 
and manufactured by Marconi. The 
mariner is warned of hazards 

and guided into safe channels by 
Marconi equipment in nearly every 






















BS MARINE BEACONS 
AND 
NAVIGATIONAL AIDS 


MARCONI 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD <« ESSEX 





LG2 
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A weighty 
problem here ... 


The portable had everything—except sufficient room to take the battery. Brute force was 
no solution. Only specially designed batteries could save the set. 

Designers of battery radio sets should note this dilemma. Time, effort (and money) are wasted 
if you prepare a design and then find you haven’t left room for the battery. Naturally, Ever 
Ready can make up special units but it’s so much simpler to call us in early so that your set is 
designed, if possible, to take one of our many standard batteries. 


TR. 
FVER READY DRY BATTERIES FOR RADIOS 


REGO. TRADE MARK 





*K If you have a design problem involving dry batteries, get in touch with us at 
Hercules Place, Holloway, London, N.7. Telephone: ARChway 3030. 
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The DALIC PROCESS of Electrodeposition provides 
a wide range of coatings on to most basis materials, 
including aluminium. It is particularly suitable for 
plating selected areas without stopping-off, for on-site 
work, and for plating assemblies or components which 
may not be immersed in plating solutions. 

For such non-decorative purposes as building-up worn 
or overmachined parts, the extremely high speed of 
deposition and the accuracy with which deposit thick- 
ness can be controlled are most attractive features. 
Deposits are characterised by low stress, extremely fine 
grain, perfect adhesion and complete absence of 
porosity. 

The DALIC PROCESS has received overwhelming 
acceptance by industry and recent installations have 
been made in the electronics, motor car, radio and tele- 
vision and armaments industries, in the Ministry of 
Supply, and in various research establishments. 









Renovating the zinc protective coating of a 
propeller blade on site at Air France. 


Characteristics of Dalic Deposits 











Maximum Brinell = 
. ry hardness 6 
Pevont | Gampefoasit,) | of depenite | Gee 
Bismuth 1,250 50 7.6 
Cadmium 6,000 40 2.5 
Chromium 4,000 600 63 
Cobalt 1,500 250 7.6 
Copper 6,000 150 25 
Gold 2,000 100 6.2 
Indium 4,000 <i 25 
Iron 3,000 175 10.2 
Lead 5,000 20 3.8 
Nickel 5,000 500 5.1 
Platinum 3,000 200 17.5 
Rhodium 3,000 500 70 
Silver 1,250 60 5.1 
Tin 5,000 1 2.5 
Zinc 3,000 70 3.8 

















* Assuming the pad electrode employed were 
stationary. Since, in practice, it is moved over the 
surface being plated, this time should be increased 
by the area of the surface divided by the area of the 


pad. 


Sole Licensees for the British Isles 


METACHEMICAL PROCESSES LTD. 


13, STRAFFORD ROAD 


LONDON 


W.3 


A practical demonstration at our laboratories will 
be given without obligation 


ACORN 0131/2 
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AND 


E/LIOTT 
COMPONENTS 






Microwaves 


Developments in the application of microwaves have called for new approaches 
to the problems of measurement at ultra-high frequencies. Much fresh 
ground has had to be broken also in the evolution of methods for the 
production of essential components. To the solution of these problems 
ELLIOTT BROTHERS (LONDON) LTD., who have been engaged for 
many years on precision microwave systems, have brought the traditional 
skill of the fine instrument maker allied to a full appreciation of the 
fundamental electronic characteristics and of the accuracy of mechanical 
dimension on which highest performance depends. 


ELLIOTT 
BENDS AND TWISTS 
Accurately dimensioned 
for high performance 
in microwave systems. 
Components of all types 
are available, for many 
wavelengths. 


ELLIOTT 
3°2cm. ROTARY ATTENUATOR 


ELLIOTT - 
For the accurate measurement 


and transmission coefficients. 


In addition to the range of instruments for manual measurement of microwave 
parameters — available singly or in complete Test Benches — ELLIOTT 
produce automatic instruments which measure accufately, at highést Speéd,~ 
the unknown characteristics of components and aerials. The ELLIOTT 
Swept Frequency Impedance Meter and the ELLIOTT Aerial Amplitude 
and Phase Plotter are two of the ELLIOTT instruments which have gained 
wide acceptance in this field. Full details on request. 








INSTRUMENTS FOR 





of standing wave ratio, reflection 5°2 cm. TORQUE VANE WATTMETER 


For the absolute measurement of 
* microwave power. 


ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LONDON, S.E.13 (TIDEWAY~ 3232) 
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Mf Varcont 


R.b. Test Set 
Type TF 8901 












A Combined Signal 
Generator, Frequency 
Meter, Power Meter 
and Spectrum Analyser 
for Microwave 
Measurements 


This new Marconi Test Set is for 
use in the frequency range 9000 to 
9680 Mc/s. Output from the 
signal generator section can be 
c.w., or either pulse or sawtooth 
frequency modulated, and its level can be varied from +6 to —115 dB relative to 1 mW. The 
measurement range of the power meter is from +47 to —10 dB relative to 1 mW. The sensitivity 
of the spectrum analyser section is sufficient to allow its use with transmitter mean powers as 
low as 1 watt. The waveguide coupling components supplied with the Test Set include a 
switched two-way directional coupler for measuring v.s.w.r. 


MARCONI instruments 


SIGNAL GENERATORS - BRIDGES - VALVE VOLTMETERS - Q METERS - WAVEMETERS 
FREQUENCY STANDARDS + WAVE ANALYSERS + BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LIMITED - ST. ALBANS ~- HERTS .- Telephone: St. Albans 6160/9 
Midland Office: 19 The Parade, Leamington Spa Northern Office: 30 Albion Street, Kingston-upon-Hull 
Export Office: Marconi House, Strand, London, W.C. 2 
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this 
brochure 
will 
start 
you 
thinking 


It describes robustly made switches 


you Call —for duties ranging from light domestic to 


heavy industrial applications — they 


sel a C0 py provide a new and simpler approach to 


switching problems : they save space, wiring, 


by retu rn money ... How and why you can see for 
yourself in ‘‘ Simplified Switching ”’. 
of post 


from... . AUSTINLITE 


AUSTINLITE LTD., Austinlite rotaries differ from other rotary switches in this: every 
LIGHTHOUSE WORKS, switch is built for its job ; and Austinlite engineers take as much 


SMETHWICK 40, BIRMINGHAM. trouble to see that you get the right switch for the job—whether 
A subsidiary of Stone-Chance Limited you want one, a hundred, or a thousand. 
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VALVES S Ge 


are more reliable than EVER! 


Rigid control of production processes, a 
ready acceptance of improved manufacturing tech- 
niques, and continual vigilance in the analysis and 
selection of raw materials ensure that every 
BRIMAR valve will do its job more efficiently . . . 
more reliably. 

Modern manufacturing methods backed by an inten- 
sive research and development organisation enable 
BRIMAR to anticipate and meet the changing demands 
of the radio and electronic industries. There is 
bound to be a BRIMAR valve to exactly meet YOUR 
specification. H 
a 













now ts the time The ATT ina very cliablefreauency 


TV receivers, VHF and UHF com- 
icati i t. is also 


to BRIMARIZE / Sa 


BRIMAR | MULLARD | NGsnam | emiTron |! Use the BRIMAR 


at | ccm | moma.) 12AT7 


with improved performance 






































Standard Telephones and Cables Limited at 
FOOTSCRAY, KENT. FOOtscray 3333 : NO EXTRA COST 
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O Designed for the measurement of 

em any frequency in the range 10 c/s 

S to 20 Mc/s with a basic accuracy 

iO of + 1 part in 10° + 0.1, 1.0, or 

ea 10 c/s. Higher accuracies available 

\ aes if required. The unknown frequency is . 

— determined by counting the number of cycles ee 

jO that pass through a ‘gate’ open for a selectable time interval of 0.1, 1.0, 
(— or 10 seconds. The result is presented on eight panel 

bad mounted meters each scaled 0 to 9 and is in decimal notation. Full 

‘> information available on request. 

KO 

CINEMA-TELEVISION LIMITED 
<=> , A Company within the J. Arthur Rank Organisation ; 


WORSLEY BRIDGE ROAD : LONDON : SE26. 


Telephone HiTher Green 4600 


SALES AND F. C, Robinson & Partners Ltd., Hawnt & Co., Ltd., Atkins, Robertson & i 
SERVICING AGENTS 287 Deansgate, Manchester, 3 89 Moor St. Birmingham, 4 100 Torrisdale thy emt y] 


(000¢ 
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Improved high and low 
pass filters 


TEN CUT-OFF FREQUENCIES IN ONE COMPACT PANEL 


T= Mullard variable cut-off filters, originally developed in conjunction with the 
British Post Office, represent a marked advance in filter technique. New design features 
together with the use of Ferroxcube pot cores have resulted in a valuable reduction in 
panel size, as well as high attenuation characteristics outside the passbands. Frequency 


ranges are controlled by a single selector switch — 
an especially important facility in frequency analysis. 
The ten cut-off frequencies of the high pass and 
low pass filters are so arranged that the filters may 
be used in pairs to provide very narrow frequency 
samples. 
Brief technical details of the Mullard filters at 
present available are 
given here; communi- 
cation engineers and 
research workers who — 
may require more com- St 
prehensive information ee 
are invited to apply to 
the address below. 





High-Pass Filters (Type GFF.001 /02) 


CUT-OFF 440, 660, 990, 1480, 2222, 3333, 
FREQUENCIES (fc) 5000, 7500, 11250, 16800 c/s selected 
by 10-way switch 


IMPEDANCES Input and output 600 ohms, balanc- 
ed or unbalanced 

STOPBAND At 0.8 x fe — 50 dB 

ATTENUATION At 0.6 x fe —60 dB 

PASSBAND 3dB+ 1 dB from 1.1.x fe to 20 or 

ATTENUATION 25 kc/s depending on cut-off 
frequency (fc) 

DIMENSIONS 19 in x 3} in x 6 in deep. 









Insertion loss dB 




































































| ; 70 
ee 60 
and L.P. Filters 
| 50 
| | 
> 20 
] 10 
0-1 0-2 0-5 | 2 ° 
f/fc (low-pass) and fc/f (high-pass) 
Low-Pass Filters 
(Type GFF.001/01 
CUT-OFF 400, 600, 900, 1350, 
FREQUENCIES 2025, 3040, 4500, 6830, 
(fc) 10250, 15400 c/s select- 


ed by 10-way switch 


IMPEDANCES Input and. output 600 
ohms, balanced or un- 
balanced 


- STOPBAND At 1.25 x fe —50 dB 


ATTENUATION At 1.35 x fe—60 dB 


PASSBAND 2dB+ 1dB from 50 c/s 
ATTENUATION to 0.9 x fc 


DIMENSIONS 19 in x 34 in x 6in deep 


ullard 





SPECIALISED ELECTRONIC EQUIPMENT 


MULLARD LTD., EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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V.H.F. Pack Set 
Type 46 
































V.H.F. Mobile Type 68 


B. C. C. COMMUNICATIONS 
EQUIPMENT COMBINES OUT- 
STANDING PERFORMANCE 
AND RELIABILITY WITH EASE 


B.C.C. SETS THE STANDARD: OF MAINTENANCE AND SIM- 


ANYWHERE 


ELECTRONIC ENGINEERING 


PLICITY OF OPERATION 


ANY CLIMATE . ALL CONDITIONS 


BRITISH COMMUNICATIONS CORPORATION LIMITED 


Second Way, Exhibition Grounds, Wembley, Middlesex 
Telephone : Wembley 1/212 
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MAGNETIC MATERIALS _ Extensive 
~ research and manufacturing facilities have established 
Mullard as the leading producers of magnetic materials. 

They were the first, for example, to introduce Ferroxcube, the 
world’s most efficient magnetic ferrite; ‘ Ticonal’ anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Magnadur, an entirely new type of 
permanent magnet with the insulating properties of a ceramic. 

The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 


Mullard 


Mullard = Ferroxcube ‘TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
mee, cxtruded into PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL 


rods for H.F. cores 


MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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High quality material and 
dimensional precision are at- 
tributes of Bullers die-pressed 


products. 


Prompt delivery at competi- 


tive prices. 





- Buller's ceramics 





FOR INDUSTRY 














We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 


FREQUELEX 


for high-frequency insulation 


PERMALEX & TEMPLEX 


for capacitors 


BLI28 


































































— tee 3 Iron Works: 
LTON, 6, LAURENCE PouNtey HILL, TIPTON 
STOKE- on. TRENT LONDON, E.C. STAFFORDSHIRE f 
Stoke-on-Trent 2234! MANsion House TI. Tipton 1691 ae 
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h a tensioning device and wound 
‘orm the magnet energizing coils. 


The aluminium being pulled thr 
on to the layer of pancakes that 





Another view of the completed winding. 








The completed job being lifted from the winding table. The 
partially built accelerator magnet is shown in the foreground. 


CYCLOTRON WINDINGS 


WITH JAMES BOOTH’S 
SPECIAL 
ALUMINIUM SECTION 


Following the success at Liverpool University, 
the Australian National University Research School 
of Physical Science at Canberra, used a special 
extruded section of square contour with a central 
round hole for the windings of the electromagnet 
of the cyclotron recently constructed in Australia. 
This meant a demand for 16 continuous lengths 
of section each 2,300 ft. long, and the successful 
production of faultless lengths of such extent 
represents no small metallurgical achievement. 
If, however, the versatility of aluminium and the 
flexibility of the extrusion process is used in con- 
junction with the art and perseverance of our 
skilled technicians, the most ambitious aspirations 
of the drawing board can often be brought to reality. 


If your problem is unusual—so also will be our 
endeavours to help you if you care to consult us, 
without obligation, of course. 


Photographs — reproduced by courtesy of the 
University — show the job in progress. 





| 


JAMES BOOTH & COMPANY LIMITED + ARGYLE STREET WORKS 


TOE ead 


SEPTEMBER 
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Tus component revels in “rough going”; no surfaces are 
too uneven. Corners and curves that would preclude the 
use of a rigid type, are just the conditions that show up the 
novel and useful features of this flexible terminal block. In 
addition, many of the difficulties experienced when using the 
rigid type of block are overcome, e.g., broken mouldings due 
to tightening of screws, lost terminal screws, and the difficulty 
of modifying to the required number of ways. Rating 5 amp. Up to 10 amp 
In the “Belling-Lee” design the terminal screws are captive, may be used at designer’s 
the heads being firmly gripped by the resilient P.V.C. mould- discretion 

in g and cannot be shaken or fall out, even when the block is mounted 12 Way 

upside down, or carelessly mishandled. 

The component can be cut with an ordinary pocket knife into Overall size 5” x .750” x .625” 
smaller groups of terminals as required, and for the purpose of high. Holed centres 

fixing, holes are provided between each pair of terminals. spaced .425” 





Captive Terminal Screws 
Flexible 

Easily Sectionalised 
Mechanically Shock-proof 


+ + + + H 


+ + 


Please write for Leaflet P.378/E.E. 


BELLING ¢ LEE LTD 





GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 
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75 to 250 Mes 


ON FUNDAMENTALS 


IN FIVE RANGES AVWCE 


SINE AND move. QI 
SOL ptt V.H.F. SIGNAL GENERATOR 


R.F. OUTPUT £45 


TuV to10OmV (LIST PRICE IN U.K.) 






Again Advance lead the way—this 
time with a V.H.F. Signal Generator 
covering 7.5 to 250 Mc/s, a range that 
embraces Bands | and 2 and also the | - | 
impending Very High Frequency Hilf | A aa a 
Television Transmissions on Band 3. MATT MAS 

Moreover, this instrument is available 
at a price well within the reach of 
every service man. In the traditional 
Advance manner, this instrument is 
designed for simple operation and 
with a versatility that not only fulfils 
present needs, but anticipates the 
even more exacting requirements to 
deal with the television test problems 
of tomorrow. 


Below are some outstanding features :— 


@ WIDE RANGE—7.5 to 250 Mc/s 
@ SINE AND SQUARE WAVE MODULATION 
Full technical details available @ RELIABLE ATTENUATION 
ee @ LOW LEAKAGE—less than 3 microvolts 
@ TRULY PORTABLE—weighs only 17 Ibs. 
@ COMPETITIVE PRICE 


The QI provides the ideal complement to the Model E2. These 
together give complete coverage from 100 kc/s to 250 Mc/s. 


ADVANCE COMPONENTS LTD., MARLOWE ROAD, WALTHAMSTOW, LONDON, E.17. Telephone : LARkswood 4366/7/8. 
GD 
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ALL-POWER 


REGULATED POWER SUPPLIES 





SERIES 500 


An entirely new range of units, designed 


for the highest possible 
and overall efficiency. 


performance 


Now in large scale production and 
available for prompt delivery. 





Model 50! 








(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 



























































Data Model 50! Model 502 Model 503 Model 504 Model 505 
Output 200-500V 200-500V 0-500V 0-500V 0-500V 
250mA 250mA 250mA 250mA 150mA 
¥ F Number of Ranges 2 2 4 4 I 
23 Voltage Stabilization +0.02%, +0.002% +0.1% +0.002% +0.1% 
a 
=m | Gtenive = — 0.20 0.02 <f 0.50 0.02. 0.52 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 3mV 
Outputs ——- — 250V 25mA 250V 25mA 250V 25mA 
>. O0—250V ImA | 0—250V ImA | 0—250V ImA 
So 
a2 Voltage Stabilization fo wees 40.05% +0.002%, 40.05% 
>§ Output Resistance (max.) — — 1Q 0.01.2 1Q 
Output Ripple (rms. max.) a = 2mV ImV 2mV 
Unstabilized + VE 470V 470V 320V 320V 
H.T. Supply 250mA max. 630V 630V 470V 470V 630V 
630V 630V 
Unstabilized A.C. Supply 6.3V .10A 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price £70 £91 £81 £99 £75 











STANDARD UNITS. Ali models are supplied as standard for mounting in 19 in. racks and are fitted 


with fully protective covers. 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 


Polished hard-wood reinforced end frames 


Steel instrument case of 
PRICES. 


new design 


ALL-POWER TRANSFORMERS LTD. 


Tel. : BYFLEET 3224/5 


ELECTRONIC ENGINEERING 


Prices are quoted net ex works“and are subject to variation without notice. 


£1 15 0 per pair 
£4 10 0 each 


. CHERTSEY ROAD, BYFLEET, SURREY 
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a new ‘I’. D.M.S 


The T.D.M.S. 5 & 6 are portable sets 
designed to measure distortion at any point in 
a radio teleprinter or line telegraph 

circuit without interfering with 
normal transmission. 
The equipment consists of two units 
each 12” x 8” x 7” both mains 
driven and electronically controlled ; 


either may be used independently 





for certain tests or both may be 


used in combination to 
7.D.M.S. 5 


Sends an automatic test message 


cover a comprehensive range of 


testing operations. 


or characters or reversals at any 
desired speed and/or percentage 
of distortion. The CRO has a 
circular time base for distortion 
measurements or relay adjust- 
ment. 


T.D.M.S. 6 


For distortion measurements on 
working circuits without inter- 
rupting service. Each element of 
a start-stop signal appears separ- 
ately on the spiral time base 
display. Adjustable speeds from 
20-160 bauds. 





You are invited to apply for a 
copy of a descriptive leaflet which describes the equipment in detail 


Automatic Telephone & Electric Co. Ltd. 


Radio and Transmission Division, Strowger House, 
Arundel Street, London, W.C.2. Telephone: TEMple Bar 9262. Cablegrams : Strowgerex London, Meo, wet 
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MODEL L.|I 


Operating in the decimetre wave region, 


this Signal Generator has been 
designed to meet the increasing requirements of the 
development laboratory at Ultra High Frequencies. 
Besides a wide frequency range and_ reliable 
attenuator system, provision is made in the L.1 for 
both internal and external sinewave and pulse modu- 


lation. Full technical details are available on request, 


Ask for Folder M25 


dvante 


U.H.F. SIGNAL GENERATOR 
Nett price in U.K. £375 


ADVANCE COMPONENTS LTD., MARLOWE ROAD, WALTHAMSTOW, LONDON, E.17 
Telephone : LARkswood 4366/7/8 
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POWER TRANSFORMERS 


from 1 kVA rating upwards 


are manufactured by 





for Transmitters 
Electronic Heat Generators 
and other special purposes 





Illustrated on the right is an E.H.T. Transformer, 
single phase, 50 c/s, voltage}ratio 240/75,000, 
maximum continuous current rating 50 mA. 
One side of secondary winding earthed. Overall 
dimensions |7 in. long, 17 in. wide and 18 in. 
deep, including E.H.T. Terminal. 











Illustrated on the left is a 6.25 kVA Transformer, 
before .being assembled into its tank, for 
supplying a 3 phase rectifier circuit. Voltage 
ratio 360-390-420/2,250, 50 c/s, Delta/Star, built 
to B.S. Specification |71. 








Transformers from 1 kVA to 100 kVA rating are 
manufactured by Airmec to B.S. Specification 171, 
B.E.A. Specification T.1, or to any other specifica- 
tion required. Good delivery and a competitive 
price can ‘be maintained for both large and small 
quantities, and the quality of both materials and 
workmanship employed is of the highest order. 
Whether you employ open, enclosed or oil filled 
transformers we should welcome the opportunity 
of quoting for your requirements. 


An illustrated leaflet giving full details of our 
transformer manufacturing facilities is available 
upon request. 


ATRMEC Hick wycomBe — BUCKINGHAMSHIRE 
rn ERE se, See aN Ne Telephone: High Wycombe 2060 Cables: Airmec, High Wycombe 
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Let us handle your 
cooling problems 

























MINIATURISATIO 


The fan illustrated is one of our 
range of 

ELECTRONIC, AIRCRAFT, 
INDUSTRIAL and MARINE 
non-overloading FANS. 





Highest efficiency axial flow fans 
developed for : 
ANY MOTOR, ANY CONDI- 


TIONS, ANY MATERIAL, ANY 
QUANTITIES. 


Performance :— 

CFM Pressure Watts out Engineered in accordance with 
40 A K114, RCS1000 or other relevant 
25 1.0" 7 Ministry specification. 


With B.T.H. LK454/Al/I, 115v. 
400 c/s. 3 ph. motor. 
+ 85°C 


Working Temp. Range * 40°C 


Consult us on any problem of air 
movement. 


CORROSION-PROOF FANS, 
HEAT EXCHANGERS, FILTERS, 
TRUNKING, GENERAL 
VENTILATION. 


13 oz. weight 24” diameter. 


Now available for 230v. A.C. 
50 c/s and 24v., 12 v. or 6v. D.C. 





TO APPROVED MINISTRY SPECIFICATIONS 
Designed by the world pioneers of high efficiency axial flow fans. 


A. K. FANS LIMITED 


20 UPPER PARK ROAD ° LONDON . N.W.3 
Telephone: PRIMROSE 5969 
CONTRACTORS TO ADMIRALTY, M.O.S.. etc. MANUFACTURERS OF ‘AIRMAX’ PATENTED SCREW FANS. 




















HEAT-TREATMENT 
SCORE MARKS 
SCUFFING 
GALLING 


=e 
N.C. ASHTON LTD, ®vvvensricip exctanp 


HUDDERSFIELD 6263/4 








CW 2575 
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OCTOBER I2"=14"1954 


AT THE ENTRY IS FREE 

ra ard or Ticket from 
R. HS. NEW HALL Binion ioinpan andl 
VINCENT SQUARE ENGINEERING INDUSTRIES 


LONDON SW. ASSOCIATION 


9 SEYMOUR ST., LONDON, W.1 
Admission by Trade Card Telephone : WELbeck 2241 







YOU ARE CORDIALLY 
INVITED TO VISIT THIS 
INTERESTING DISPLAY 
OF PRODUCTS AND 
PROCESSES OF THE 
ENGINEERING INDUSTRY. 























SEND FOR CATALOGUE 
(price 1/4 Post Free) 














a ae 


FOR ELECTRICAL APPLICATIONS 











FIRTH - VICKERS 





NON-MAGNETIC 


FIRTH - VICKERS STAINLESS STEELS LTD. SHEFFIELD 
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We are design- 









ers and manufacturers 
of Electronic Equipment to 
customers requirements, and will 
co-operate fully with research engineers 


to overcome your problems. 





We have our own fully equipped Tool Room 











DARRINGHON PRODUCTS <“"EPD, 


‘sanpro'vercester 48,CANK STREET, LEICESTER Leice 21326 

















@ Early delivery of small batches to special @ All types to BS.S. 89 and KI13 
requirements. 

@ DC. and AC @ Suppliers to M.O.S., Admiralty, etc. 

@ Flush and Projecting types. @ Leaflet E-10! on request. 


BALDWin, /) 


WIN. ic instruments 








BALDWIN INSTRUMENT COMPANY LTD., DARTFORD, KENT TELEPHONE 2948 
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MANUFACTURED BY - 


Hi 


ATO) 





WELCOMED BY ENGINEERS, OUR NEW SYSTEM OF 


D:C:-RATING 
gquarantecs 





} y TRANSFORMERS, SEND FOR OUR VERY 
I?" INFORMATIVE BROCHURE WHICH 
LIMITED WILL ASSIST YOU IN YOUR WORK. 


PRECISE 


FORECASTING OF ACTUAL 
OUTPUT-ON-LOAD 
UNDER VARYING 
CONDITIONS 











\. 49-NEWFOUNDLAND ROAD+BRISTOL+2 sasie(vita / 





now available 


HE range of Rivlin Precision Wirewound Resistors has been 
extended to include miniature types. As with existing Rivlin 
Resistors they are fully heat treated and a heavy polythene coating 
renders them completely impervious to the effects of humidity and 
temperature. 


Rivlin Resistances can be adjusted to 0.1°% of the required value, 
or 0.01Q whichever is the greater. 


Any value in the range 0.102 to 50,0002 can be supplied with a 
temperature co-efficient of 0.002% per degree centigrade, and up to 
IM with a temperature co-efficient of 0.02% per degree centigrade. 
Standard rating—1 watt. 

Rivlin Wire Wound Resistances fully comply with Services speci- 
fications. 


RIV LN precision 


WIREWOUND RESISTORS 

















DELIVERY 14 TO:-21 DAYS 


Special types to order 





RIVLIN INSTRUMENTS LTD. 
7a, Maitland Park Villas, London, N.W.3. Gulliver 2960. 
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by using a 
VISUAL NULL INDICATOR 





No more headphones ! No more guessing ! 
Here is a Visual null indicator for A.C. Bridge 
work. Highly sensitive—very robust to 
withstand considerable overload — avoids 
acoustic shock. Operates on A.C. mains. 


RANGE 40 c/s to 20 kc/s 
Elegant e Portable 


BA N | le 


for 
leaflet 


INSTRUMENT COMPANY LTD. E114 
DARTFORD, KENT we TEL. Dartford 2948/9 & 2940 


























We can do it! 


HALF - A - MILLION soldered joints on black 
enamelled wire every week. This has been our 
average load for a very long period—and most of it 
on communications and electronic equipment handled 
for main contractors whose names are household 
words. 


We shall be pleased to show enquirers the very 
specialised facilities we have developed for handling 
all wiring, assembly, and test operations on both 
large-scale production runs and on prototype develop- 
ment jobs. We are A.I.D. approved, and normally 
work to Government and Service standards. 


BROXLEA PRODUCTS 
LIMITED 


High Rd., Broxbourne, Herts. | Phone: Hoddesdon 3091/2 
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=e 
Tn the savies of 


BRITAIN’S 
FASTEST MODERN 
AIRCRAFT 


With long range beacon services for International air routes 





installed at many key points on the new Empire routes . . 
the Redifon G.91 and its HF equivalent G.67, are providing 
navigational and communication services for Britain’s latest 


high speed aircraft. 


= Kedifon 


REDIFON LIMITED + BROOMHILL ROAD +: LONDON, 35.W.18 + ‘Phone VANdyke 128° 
A Manufacturing Company in the Rediffusion group. 

























































GRADE M.E. 


Low cost cores for 
frequencies up to 50 Mc/s. 


GRADE M.F. 


High quality cores for 
frequencies up to 300 Mc/s. 


Write for List No. GRC 5303/6 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS *° SILK STREET - SALFORD 3 - LANCS 
LONDON OFFICE: MAGNET HOUSE - KINGSWAY - TEMPLE BAR 4669 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. of ENGLAND 
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DEVIATION TEST BRIDGE Type 1502 and 1507 


Extremely fast, direct reading, impedance measuring instrument. 


FEATURING: 
Production tests at a rate of 4000 an hour. 
Accuracy exceeding 0.1 °/o at zero point center 
scale and 5 °/, of full scale. 
A large six inch illuminated meter scale, very 
easily read. 
A very high stability, making it unnecessary to 
recalibrate more than once a day. 
Insensitive to hum voltages, due to a demo- 
dulator in the circuit. 





Perfect safeguard against overload. 


This bridge is designed to present accurately a comparison with an arbitrary external standard impedance, indicating on a 
large scale the percentage deviation. 

Each instrument contains two arms of a Wheatstone bridge internally, the two other 

bridge arms having external terminals for the standard and the sample to be tested. 

The bridge is fed from a built-in oscillator with 1000 c/s for type 1502 and 50.000 c/s 


tor type 1507 as test frequencies. The diagonal voltage is amplified and led to a demo- (KL SS 
dulator circuit, together with the generator voltage, and a d.c. meter in this circuit FETT OA 





indicates the deviation. 





























Adr. Nerum, Denmark . Telephone: Nerum 500 . Cable: Brukja, Copenhagen 





LONDON OFFICE: ROCKE INTERNATIONAL LTD., 59 UNION ST., S.E.1, Phone: HOP 4567. | 











Stress-free Castings 
with properties approaching a forging 


The Parlanti Mould process for stress-free castings ; 
bridges the gap between casting and forging. Close Send for this 
control over heat transfer at every point gives an effect r Booklet 

. very similar to a forging. The mechanical properties . 
of Niforge castings are outstanding—fine grain 
structure, great tensile strength, excellent finish, 
freedom from porosity. 


CARRON PARLANTI 
LTD 


ae ae oe 





CARRON PARLANTI LTD -CARRON : Falkirk - STIRLINGSHIRE 
Tel. Falkirk 35. London Office : 15 Upper Thames Street, E.C.4. Telephone : CEN. 7581 
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No, we do not recommend this method! 
We offer, instead SAVAGE ‘VLF’ 
and ‘LRF’ Amplifiers, giving 


A SOURCE OF POWER 


where it is required for vibration and 
fatigue testing of structures, com- 
ponents, engineering products, engines, 
special metals, etc. In this direction, 
the applications of this equipment are 
countless, as they are, also, as a variable 
frequency power source for trans- 
formers, meters, motors and electrical 
component design. 

This equipment is inexpensive to 
purchase, simple and economical to 
use; gives complete and accurate 
control at all times. 

Ask us TO-DAY for full details, 
without obligation. Or let us know your 
problem in this field and we will 
gladly help you. 


W. BRYAN SAVAGE LTD. 


WESTMORELAND ROAD, LONDON, N.W.9 
TELEPHONE: COLINDALE 7131 


Leading organisations now using this 
equipment include: Bristol Aeroplane 
Co.; The Brush Electrical Engineering 
Co., Ltd.; English Electric Co., Ltd.; 
Ferranti Ltd.; G.E.C.; Handley Page 
Ltd.; The Imperial College of Science; 
Siemens Bros. & Co., Ltd.; S.T.C.; 
Vickers-Armstrongs; R.A.E.,  Farn- 
borough, etc. 


WwW. BRYAN 


ava Li 2 
Yadare 


t LOW RADIO 
FREQUENCY 


FREQUENCY 


OUTPUTS 


100 watts ‘VLF’ 
3 c/s to 6 c/s 
1000 watts ‘VLF’ 
6 c/s to 2000 .c/s 
MARK Il STAR 
50 c/s to 10 Ke/s 
*“LRF’ 
5Kc/s to 100 Ke/s 


Ld? AMPLIFIERS 

























ROYDS MILL STREET, 
SHEFFIELD, 4. 
Tel: 26511 





ses 


lly 


SHEFFIELD 


EL 


Our contact literature awaits your request. 


SPECIAL SILVER CONTACTS 
FoR ELECTRONIC UNITS — 


Silver features largely in this 
metering Inductance shown by 
the courtesy of Messrs. PYE 
Telecommunications, Ltd., of 
Cambridge. Whilst the wind- 
ing itself is of silver, the 
central contact at the right 
hand end and the twin rotary 
wheel travelling contacts are 
nice examples of minute 
accuracy and finish typical of 
work from our Contacts 
Departments. 


Special contacts in silver and the semi-precious metals to designers 
requirements are everyday features of our production. 


HEPPFLELD SMELTING 


Company Limited 
- LONDON BIRMINGHAM 


1, BERRY ST., CLERKENWELL, 
LONDON, E.C.1 
Tel: CLE 3156 


4,5 & 6 WARSTONE LANE, 
BIRMINGHAM 18 
Tel: Central 6893 
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v The Berco Rotary Regavolt provides a 
There's much fo be saidl for . 6 | iii ny eee provides 8 
CONSTRUCTION : Toroidally wound auto-transformers, with tracks formed means of obtaining a continuously variable 
en one face of the windings. output voltage, without the heat losses 
CORE : Wound from a continuous strip of low loss electrical steel in a similar associated with resistances. Its outstanding 
ones oe py weeny C core nope tog “di ot advantage over resistance control is that 

: Specially processed plastic mouldings ensure minimum : sehs 
shrinkage due to heat and continuous use, and prevents any possibility of the one alternating current load within normal 
turns slackening. rating can be controlled from zero to full 
WINDING : Of high conductivity copper, insulated with synthetic enamel voltage without the necessity of special 
of the polyvinal acetal-phenol formaldehyde resin type, giving good space designing for individual applications. 
factor, exceptionally high abrasion resistance and a ae resistance. Thus, one rotary Regavolt can be used in 
FRAME : Of die cast aluminium, incorporating long spindle bearings and 3 . ° 
mounting feet to ensure accuracy and rigidity of the mechanism in relation place of 4 number of adjustable resistances. 
to the fixing holes. In addition, an increase in voltage, above 
BRUSHES : The brushes are of a special carbon chosen for its contact re- the main supply, can be obtained with 
sistance characteristics, shaped to give minimum loss, maximum strength and three of the four Regavolt models. This 
longest life. ’ is an especially valuable feature when the 
There are 4 models of the Berco Rotary Regavolt available. supply voltage is low. 





Max. Input Max. Output 
Volts at Voltage Range Rated PRICE 
50/60 cycles at no load Current Weight .. 


41A 250 0-250 0.8 


0-135 2.25 
2A 250 0-270 2.0 


...BERCO ROTARY REGAVOLT 


* For full details and prices write to:— 
THE BRITISH ELECTRIC RESISTANCE CO., LTD, 
Queensway, Ponders End, Middlesex. Telephone: HOWard 1492. Telegrams: Vitrohm, Enfield. 


Specialists in the control of current and voltage for more than 25 years. 





4} Ibs. 6.12 





63 Ibs. 7.18 
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Who has a headache 


over some 
problem of 
adhesion 


or sealing ? 


There are problems of adhesion and sealing 
peculiar to the electrical industry. For example, 
weather-proofing electrical components so that 
they are absolutely water-tight and oil-resistant— 
and we do mean absolutely. Don’t keep these 
problems to yourself when all the time there might 
be just the grade of BOSTIK Adhesive or 
PRESTIK Sealing Strip to save the day. 

Write to us. Tell us everything you feel we should 
know. Then leave the rest to us. We have a 
technical representative in your area who will 
visit you at short notice on request. 


100 to 1 the remedy is 


Bostik 


ADHESIVES & SEALING COMPOUNDS 


: * Bostik’ is the registered trademark of 
B. B. CHEMICAL CO. LTD., Ulverscroft Rd., Leicester, 
to whom all enquiries should be addressed. 








“ Finger-tip 


flame control ”’ 


said a silversmith, “Pleasant to handle, 

very sensitive controls.” 

He was one of the many users of our 

Flamemaster Mark 11 and the three comments 

he made probably sum up the main reasons 

for the Flamemaster’s immense popularity. 

Also: 
It burns coal-gas or bottled-gases of the 
butane type with equal efficiency... 
The air or oxygen pressure needed is comparatively 
low... 
All the different flame-units are easily 
interchangeable .. . 
It won’t splutter or give you an unstable flame... 
It won’t leak, even on high pressures... 
It won’t raise your running-costs, (our 
economiser-trigger sees to that)... 
But it will bring speedy and reliably controlled 
heating right to the spot where you need it... 


remember the name 


FLAMEMASTER MARK II 


Write for full details to :— 
STONE CHANCE LIMITED 


DEPT. F.28, LIGHTHOUSE WORKS, SMETHWICK 4°, BIRMINGHAM. 
TELEPHONE : BROADWELL 2651. 
LONDON OFFICE: 28 ST. JAMES’S SQUARE, S.W.1I. TEL: WHITEHALL 6002. 
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DAWE 


PULSE 
GENERATOR 


A versatile instrument 
for use wherever rectangular 
voltage pulses are required 


Output 0.75 volts positive or negative 
Pulse widths 1, 10 and 100 microseconds 


Repetition Rate: 1!—5000 c’s 


Technical data from: DAWE INSTRUMENTS LTD., Instrument Division 
99 UXBRIDGE ROAD, EALING, LONDON, W.5 - EALING 6215 
or from your Regional Agent 





ety 











North of England Cheshire | Scotland West of England | Northern Ireland 
Hawnt & Co., Ltd., A. C. Farnell, Led., F. C. Robinson & Ptnrs., | Land, Speight & Co., Radford ElectronicsLtd., | James Lowden & Co., 
59, Moor Street, 15, Park Place, 287, Deansgate, 73, Robertson Street, 149, Newfoundland Rd., 11 Middlepath Street, 
Birmingham, 4 Leeds, | Manchester, 3 | Glasgow, C.2 | Bristol, 2 Belfast. 
Central 6871 Leeds 32958 Deansgate 660! Central 1082 } Bristol 51132 Belfast 57518 
































Do Twin 
you Electro- 
solve Mechanical 
problems Multiplier 
such as this > Unit... 
2s 
y = f(x) { f(s) ‘ie rw) } .... is of high accuracy and 
of special use in analogue com- 
+ f(z) {f(1) tis? f..(P) } putors. __ Each side of the Multi- 


plier can multiply separately “one 
variable by up to five other in- 
dependent variables. 


or for example : 


y = u’ sin x + v' cos z, 








FOR DETAILS WRITE TO: 


DOBBIE M‘INNES LTD 


Nautical and Engineering Instruments 
BROOMLOAN ROAD GLASGOW SW1 AND LONDON 


J | 
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Opportunities for Engineers 
with the Guided Missiles Division of 
‘ENGLISH ELECTRIC’ 











The Guided Missiles Division of The ENGLISH ELECTRIC 
Company Limited, Luton, acethis wishes to fill bas wide | There are also vacancies for Intermediate and Junior 
variety of vacancies. In particular, the following are Engineers and Laboratory Assistants. 

required: 


Houses are available for some of the Senior Engineers. 










All these offer splendid opportunities for promotion in 
this new Industry. 





@ Radio and Radar systems Engineers 





Engineers should be Honours Graduates or have tech- 
nical qualifications tc H.N.C. or equivalent standard 


| together with relevant experience. 
@ Engineers to design & engineer micro-wave equipment Applications, quoting SA54, should be sent to Dept. 


@ Instrumentation Engineers with transducer design | CPS, 336/7 Strand, WC2. 





@ Circuit Development Engineers (including work on 
transistors) 














experience 
@ Engineers for Field Trials Radar and Communications }4 v 
equipment (including some vacancies for Australia) EN (; LI N H [ LE OTBI (' 


‘ENGLISH ELECTRIC’ MARCONI NAPIER 











ON STAND 7/ | 


AT THE 


RADIO SHOW 








YOU WILL DISCOVER WHY 


o, 
record pia 


are fitted as standard equip- 
ment to the majority of the 
World’s finest radiograms. 


ea | 
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THADDONS nee vn 


TRANSFORMERS LTD. 


27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone : 
HARROW 9022/3/4/5. 





POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 








Open or Enclosed Types — For all climatic conditions 
CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 








THIS 
CONSOLE 


IS IN OUR STANDARD RANGE 


It is robustly constructed and has 
excellent ventilation. 

Front panels of 10 S.W.G. steel 
bolts to standard G.P.O. drillings 
The top is of grey linette, 

burn proof, formica. 

Chassis runners and handles 

can be supplied as an extra. 

It is one of our range of standard 
metal cabinets, cases, racks and 
consoles. 





Reg. Des. No. 870016 and 7 


SEND TO DEPT. C 
for illustrated Catalogue 
of our standard range. 


IMHOFS 112-116 NEW OXFORD STREET, LONDON, W.C.I. MUSEUM 7878 
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PULSE HEIGHT SPECTRUM FOR COBALT 60 
3 PULSE HEIGHT SPECTRUM FOR CAESIUM 137 


~~~ Pulse Height Spectrum For Cobalt 60 
ee Pulse Height Spectrum For Caesium 137 
























Count Rate Arbitrary Units 




















0 Pulse Height in Volts 
§ 10 15 20 25 30 35 40 


resolution obtainable on Cobalt 60 and Caesium 137 with the ‘I.D.L.’ 


The differential pulse height ‘‘kicksorter”’ curves illustrate the energy I Ss Obey i @ ) Pp 


range of scintillation counting equipment. This versatile range includes : 





Extreme stability E.H.T. supply unit. Scintillation counter head. , Ready 


for use sodium iodide capsules and plastic phosphors. Wide band 120, MOORGATE, LONDON, E.C.2. 
Telephone: 
amplifier and discriminator unit. Single channel pulse analyser. Scaler. METropolitan 9641 (5 lines) 
Midland Agent : Northern Agent : Scottish Agent: 
Hawnt & Co. Ltd., 59, Moor Street, A. M. Lock & Co. Ltd. Crompton Street, A. R. Bolton & Co., 72, Haymarket Terrace, 


Birmingham, 4. Tel.: Central 6871. Chadderton, Oldham, Lancs. Tel.: Main 6744. Edinburgh, 12. Tel.: Edinburgh 62446. 





Nort even a guardsman jumps to it like a spring 
made by Lewis of Redditch. We’ve spent over 
thirty years making them and every one has been 
designed to do a specific job as well as it could possibly 
be done. It’s becoming a habit for progressive 


engineers to call us in at the design stage. 


ve! 
i 











LEAVE /T TQ 


CUTS 


OF REDDITCH 


RINGS, SPRING CLIPS 
ESSWORK, WIRE FORMS 
VOLUTE SPRINGS 






THE LEWIS SPRING COMPANY LIMITED 


RESILIENT WORKS, REDDITCH. Tel: Redditch 720/1/2 oh 
London Office: 321 High Holborn, W.C.!. Tel: Holborn 7470 and 7479 
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INSULATED 
WIRES 





EUREKA & VACROM 


(CUPRO-NICKEL) (NICKEL-CHROME) 
‘Eureka’ (Regd.) and ‘Vacrom’ (Regd.) Resistance Wires can be supplied BARE or 
with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 


These wires have teen used for many years for winding resistances for instruments, 
control apparatus, etc. 


‘Eureka’ with its low temperature coefficient is always in demand for precision work, 
while Nickel-Chromes are used where a high resistance is required in a limited space. 


Full details gladly supplied upon request 
















THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 
AND SMITHS, LIMITED 75 ST.SIMON STREET, 
LEYTON, LONDON, E.10 SALFORD 3,LANCS. 





Tantalum Mesh 


EXPANDED TANTALUM MESH can be supplied by 
Murex Ltd. in 60, 42 and 30 mesh per linear inch. The overall 
thickness of the mesh can be between ‘004” and ‘007” for the 
60 mesh, from ‘004” to ‘015” for the 42 mesh and ‘007” to 
015” for the 30 mesh. The maximum 
width of piece which can be supplied is 
59". The material can be supplied either 
as expanded or can be flattened after 
expansion. 











¢ 
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LOOK , chemical plant. Write for further information. 
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EXAMPLES OF MESH MAGNIFIED 10 TIMES 












MUREX LIMITED 


(Powder Metallurgy Division) 


RAINHAM °: ESSEX © Rainham, Essex 3322 
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He WEP 2-Channel OSCILLOSCOPE 


visual monitoring and wave-form observation 
in measuring and recording rapidly changing pressures 
and other dynamic phenomena in 
industry and medicine 


In this A.C. mains-operated oscilloscope, a high-speed electronic switch provides 
observation of two wave-forms together. The panel accommodates either a 
detachable viewing hood or a standard oscilloscope camera, and an output 
socket enables simultaneous operation of a second oscilloscope. 






The long-persistence cathode ray tube of latest post-deflection acceleration type 
gives a sharp, bright blue trace with long yellow afterglow, and there is a four- 
speed linear internal time-base. A separate vertical-deflection amplifier is used 
for each wave-form input, with gain and beam-shift controls. Operation from 
an external time-base is facilitated by a horizontal amplifier. 


The stove-enamelled rust-proofed welded steel case and internal screening give 
complete protection from interference during use in conjunction with other 
apparatus. 

The N.E.P. Oscilloscope is one of the N.E.P. range of measuring and recording 


apparatus designed for use together or separately. Your inquiry stating YOUR 
individual needs or for literature and further details will receive prompt attention. 


NEW ELECTRONIC PRODUCTS «=\: Qe 


9 NEW CAVENDISH STREET, LONDON, W.1. (WELbeck 1421-2) 
Contractors to the Ministry of Supply, Ministry of Health, U.S.A.F., etc. A.1.D.-appro 


Alcomax IY 


incom parable for 


= Where Industry 
e and Medicine 
march side by 
side 




















Rotating Magnets 


Highly efficient rotating 

Maynet system comprising 
Folipse magnet between 
interleaving mild steel Informative technical liters 
role pieces 
soneie ture will be supplied on 


request 


PERMANENT 
MAGNETS Fale sce tk 


“Eclipse” 
JAMES NEILL & CO. (SHEFFIELD) LTO. Permanent Magnet Chucks 


SHEFFIELD 114 . ENGLAND m2 
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We're practically 
ageless ! 





Our DURACABLE just goes on and on. 
Because it’s sheathed in non-ageing P.V.C. 


- THERMOPLASTICS are an almost perfect 
insulating material; immensely tough with a 
high di-electric strength and resistant to acids, 
alkalis, oil, petrol, seawater and sunlight. They 
are easy to strip, quick to clean, and reduce fire 
risk considerably. 


We have DURAWIRE and DURACABLE in 
stock for most electrical jobs. We can also 
design and produce special purpose cables to 
any specification—quickly and efficiently. Can 
we help you? 





eo . plain sailing 












| fastening to thin Sheet metal 


with... 


PATENT SERRATED 


Anchor 


RIVET 
Bushes . 





DURATUBE & WIRE LTD. 


FELTHAM MIDDLESEX ENGLAND 





UNION ST. 





Telephone : 
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PRECISION 





WILLENHALL 621 & 622 


Manufacturers of all 
iets of products use 
this method of fasten- 
ing to metal sheets 
and panels. Note the 
serrations on the fine- 
ly |tapered shank — 
these cut their way 
tail the sheet and 
siavent the bush 
from rotating in the 


panel. 





THE PRECISION SCREW & MFG. CO. LTD 


WILLENHALL STAFFS 
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REALLY EFFICIENT 


DRY LUBRICATION 





oved under 
nD. 90/4284 


Anti-Scuffing Paste 
has been adopted by 
many steam turbine 
manufacturers as an 
assembly lubricant for 
application to holding 


— 


== 


— - = a 
Cl Bee 


seizing and galling. 


* 

Anti-Scuffing Paste 
is the ideal lubricant for 
set-screws, slides and 
chuck assemblies of all 
machine tools. 





S 

Anti-Scuffing Paste 
has given remarkable 
results in the lubrica- 
tion of wrapping, pack- 
ing and cartoning 
machines. Its efficient 
dry lubrication ensures 
that there is no build up 
by contamination and 
servicing periods can 
be greatly extended. 





“ea 
RAGOSINE 





Anti-scuffing paste 


‘‘ The handy means of applying Molybdenum Disulphide 
to all general engineering applications.”’ 
Write for brochure giving full details to:- 


ROCOL LTD 


IBEX HOUSE, MINORIES, LONDON, E.C.3 
MINERVA WORKS, WOODLESFORD, NR. LEEDS. 





Paste entirely prevents 











.. all that the name implies. 


\. RADIO SHOW 
4 


“1954 


STAND No. 





As leading manufacturers of 
Loudspeakers over many years, 
for all commercial and industrial 
purposes, we shall be ‘‘at home”’ to 
all our friends as indicated above. 


Bola Cas stion Ltd. 


FERRY WORKS, SUMMER ROAD, 
THAMES DITTON, 
Telephone: EMBerbrook 3402 
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PHILIPS PRESENT... 


ROUGHNESS TESTER PR9I50/02 


A new portable surface 
finish measuring equipment 
for workshop use 


SPECIAL FEATURES 


f Direct reading scale calibrated in micro- 
inches C.L.A. 

24 ranges covering finishes from 1-250 
micro-inches. 

3 Pick-up of small dimensions allows 
measurements on internal bores down to 
8 mm. diameter. 

4 Calibration by means of set of 4 standard 
surfaces provided. 

5 Manually operated pick-up enables checks 
to be taken in quick succession without 
removing workpiece from machining 
station, 





We shall be pleased to arrange a demonstration at your convenience 


PHILIPS ELECTRICAL LIMITED 


INDUSTRIAL PRODUCTS DIVISION, CENTURY HOUSE, SHAFTESBURY AVE., LONDON, W.C.2 





ARC AND RESISTANCE WELDING PLANT AND ELECTRODES - HIGH FREQUENCY GENERATORS * ELECTRONIC MEASURING 


INSTRUMENTS ~- MAGNETIC FILTERS * BATTERY CHARGERS AND RECTIFIERS * LAMPS AND LIGHTING EQUIPMENT * X-RAY EQUIPMENT, ETC. 
(PM1473) 








JOSEPH SANKEY & SONS LTD 
BILSTON STAFFORDSHIRE 










London Office 
168 REGENT ST. LONDON W.1 















Europe’s largest 









manufacturers of 











laminations 
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LABORATORY 
FURNITURE 


CYGNET 


‘“CYGNET ”’ Benches, with heat and acid-resisting tops ; 
Racks, Fume Cupboards, Cabinets and Shelving are made 
in a large range of standard units or to specification. 
Complete installations or single pieces for Electronic, 
Chemical, Physical and other Laboratories at keen prices. 
Built to meet the most exacting demands. 
Recent contracts include installations for :— 

Scottish Oils Limited University 

of Sheffield - British Nylon Spinners, 

Pontypool : Revertex Ltd., Harlow, 

Essex * De Havilland Aircraft Co. 

University of Manchester * Ferranti 

Limited, Edinburgh 
Experience enables us to recommend ‘‘ FIBROLENE "’ chemical resistant 
flooring for laboratories. Send for full details now. 


CYGNET JOINERY LTD., Higher Swan Lane, BOLTON. Bolton 1840/4 


Scottish Agents:— 
Scottish Instrument Co. Ltd., 4-7 Teviot Place, Edinburgh I. Tel: BYPass 3552 


c2 












in Finishing 





POLISHING MOPS 


Coopers Calico Mops can be supplied in any diameter and 
thickness, loose or stitched, and suitable for tapered or 
parallel spindles. There is a good economy range of section 
mops, too. Each quality can be supplied in grades to suit the 


class of work. 
POLISHING BOBS 


Coopers are the original makers of the Felt Polishing Bob 
as used today, and today Coopers offer a wide range of bobs 
which includes the ideal wheel for every class of work, in six 
grades from soft to rock hard, and in four qualities. Send 
today for details of the entire bob and mop range. 


COOPERS FELT 


Please send enquiries to Head Office and Works :— 


COOPER & CO. (B’HAM) LTD. 
BRYNMAWR, BRECONSHIRE 


Telephone : Brynmawr 312 Telegrams : Felting Brynmawr 
Registered Office and Works : Little King St., Birmingham 
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the answer 
to your 
, problem? 


‘SINTREX’ Electrolyt Iron Powder has solved many 
problems in electronics. Its exceptional purity gives it 
excellent electro-magneyc properties—ensuring high 
permeability and low logses in components such as 


small transformer \ 





cores, pole pieces, ea”: 

etc., for radio, @ % 
T.V., fluorescent 

units, measuring 


ELECTROLYTIC 


instruments 
and much other 


equipment. IRON POWDER 
GEORGE COHEN sons « co. tro 9 


"Al 














BROADWAY CHAMBERS LONDON 
Telephone: Riverside 4141 RO 
= 
EE/§33/IP3 
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THE CRESSALL MANUFACTURING CO 
TOWER STREET © BIRMINGHAM 19 


LTD 


ELECTRONIC ENGINEERING 














STANTELUM 
ELECTROLYTIC 
CAPACITORS 


The modern trend in miniaturising communications equipment 
has given rise to the development of the Tantalum Capacitor 
which provides at relatively low working voltages a large 
capacitance in a very small volume. 


Compare the volume percentages of the following :— 
Normal Paper Capacitor (at 100 volts) 100°% 


Metalised Paper on a Peo 
Aluminium Electrolytic ae ier 
Tantalum Electrolytic . . ss oe 2 ae 


A full range of these capacitors which are hermetically sealed 
and suitable for operation over a temperature range of —40°C 
to +70°C is now available. 

Stantelum Electrolytic Capacitors do not deteriorate with 
shelf life. 


Write for Brochure BC/15 for full technical details. 





STANTEL THERMISTORS 


Thermistors are being used in ever-increasing numbers in the 
electronic and instrumentation industries where their small 
size and stable characteristics have provided the solution to 
many problems. 


A wide range of both directly and indirectly heated types is 
available for many applications among which are included :— 

@ Temperature measurement and control. 

@ Oscillator amplitude stabilisation. 

@ Current surge suppressors. 

@ Micro-wave power measurement. 
They are available with almost any value of cold resistance at 
20°C with certain standardised values between the limits of 
14 ohms and 4 megohm. Where low circuit resistance is 
essential, for example compensating the resistance increase of 


copper coils, Type KS2 Thermistor, having a resistance of 
14Q4+10% is readilyflavailable. 


Write for full technical details. 


Write for full technical information 


Standord Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION :— 


FOOTSCRAY - SIDCUP - KENT 

















Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 





STEATITE 





... for all high 


frequency applications 








Machined to special designs and fine timits. 


Seere} WILLIAM SUGG & COMPANY LIMITED 
( VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.1.  ViCtoria 3211 





WESTMINSTER | 
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Specialists mn 
INSTRUMENT 
PRESSINGS 


At The Hampton Works we 
prove that there are un- 
limited possibilities with 

presswork—especially in 
the production of small 
parts for the Electronic 
and Electricalindustries. 
Our clair as master 
craftsmen in pressings 
is your assurance of 
complete _ satisfac- 
tion. Every order is 
handled with ex- 
treme care and 
given prompt 
attention. We 
welcome your 
enquiry. 

























ELECTRIC 
SOLDERING IRONS 


Solons save time, reduce costs. 
Solon soldering is always clean, reliable, and 
simple. Five models, in voltage range 100- 
250, each with 6 feet Henley flexible. 65 
watt—oval tapered or round pencil bits. 125 
watt—oval tapered or round pencil bits. 240 
watt—oval tapered bit. 


Write for Folder Y.10 | Wi HAM PTON Wel KS 


TAMPING LIMITE D 















W.T. HENLEY’S TELEGRAPH WORKS CO.LTD. 


51-53 HATTON GARDEN, LONDON, E.C.1 | TWYNING ROAD, STIRCHLEY, BIRMINGHAM ENGLAND 


Tel » KINgs Norton 2901 (3 lines Grams 8a 

















OVER 


25 YEARS 


EXPERIENCE 







INSIST ON HIF 
Type HO/500 \ 20-20,000 
Type HO/50 cycles 


Type HO/500A \ 20-40,000 
Type HO/50A cycles 


for Precision 
Oscillators 









Thermo-Setting 


Plastic Mouldings 


We have long experience in the 
manufacture of small mouldings 
to the electrical engineering 
trades and are well equipped to 
fulfil customers’ requirements 
promptly and economically. Costs 
are kept down and delivery 

expedited by our making all necessary 

moulds in our own_ up-to-date 
toolroom. 








Your enquiries are welcomed and will 
receive our prompt attention. 


HARRISON BRO 


(PLASTICS) LIMITED] 


Type HO/50 eee 0-66 watts 
output 

Type — _— 5 watts 
output 


* Scale — Accuracy 


of 1%. 
% Supplied in 2 Standard Fre- 
quency Ranges. 
REGD TRADE R % Output Voltmeter Fitted. 
% Built-in Attenuator. 


39-43, BRANSTON St BIRMINGHAM‘18 








Telephon-: Telegrams: *% High and Low Impedance 
COLmore 4270 “ ARISUN, Phone, B'ham” § Output. 
. Look for the i a Trade Mark 
Hifi DERRY ST., BRIERLEY HILL, 


Ltd. STAFFS. Telephone: Brierley Hill 7604 
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Electrical Standards for Research and Industry 


Testing and Measuring Apparatus for Communication Engineering 


Unapproached throughout 
the world for design 
and accuracy 


WAVEMETERS 
OSCILLATORS 
CONDENSERS 
INDUCTANCES 


H. W. SULLIVAN RESISTANCES 


LIMITED 
LONDON, S.E.15 BRIO GES Sree 
Telephone: New Cross 3225 (P.B.X.) Resistance 

















Eon the REVROLLE CIRCUIT BREAKER ae : 













MORE PARTS OF PERFECTION 


Sandwell castings are renowned for their precision and high 
tensile strength, and are incorporated in many of the best 
known products throughout the Electrical Industry including 
Reyrolle 132 kV. 3,500-MVA air-blast circuit breakers. 
Where only the best castings will do, call in Sandwell - our 
specialised knowledge and experience are at your service at 
all stages from the blueprint to the finished product. 


by 








THE SANDWELL 
CASTING co. 


Bank Street Foundry, West Bromwich 
Tel: STOnecross 2231 (4 lines). 
Grams: “‘Repcast” West Bromwich 





Photo by courtesy of Messrs. A. Reyrolle & Co. Ltd. 
* Specialists in the production of the finest quality Sand Castings, Gravity Die Castings and Pressure Die Castings in all Light Alloys and Non-Ferrous 
Metals by the most modern methods. 
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now - | 
more than ever. 


SAVAGE 
TRANSFORMERS 


are meeting the specialists 
need in every electronic 
field. Our 
26 years of 
research & 
experience 
is at your 
disposal. 





SFOR, 
Re 


(SAVAGE DEVIZES) 


NURSTEED RD., DEVIZES, WILTS. 
Telephone : DEVIZES 536 


























This ts what an 


M.R.S.T., Assoc. I.E.E., M.Brit. I.R.E. 
F.T.S., A.Mus.T.C.L., M.I.M.I.T. * 


says about the 


TRUVON 


TAPE DECK MARK III 


The Truvox Tape Deck is a winner .. . the 
best I have heard, disregarding the price. 
a fine piece of precision engineering.” 


*& Mr. 3. G. C. Gilbert pictured here 
with his complete “lash up’ recorder, is 
Head of Northern Polytechnic Dept. of 
Telecommunications Engineering. He is 
better known to the public as John Gilbert 

of the B.B.C. Inventors’ Club. 
The Deck is supplied with complete 
details of an amplifier specially designed 
to achieve maximum efficiency. 





A 
TRUVOX LIMITED, Sales Office, 


IRIN lh 15 Lyon Road, Harrow, Middx. 


PRODUCT | piease send me full details of the TRUVOX 
Tape Deck Mark III. 


Name 
Address 








La 
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Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 


Routine Factory testing of Mumetal 
toroidal cores. 


os 
oe% 


1953. 


ELECTRONIC ENGINEERING 


Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 


MAGNETIC ALLOYS— Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 

RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 


SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


The Telegraph Construction & Maintenance Co. Ltd 


Head Office: 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 
Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 


FOR EVERY 
COUNTING 
AND 
MEASURING 
OPERATION 
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TRANSFORMERS 
DESIGNED TO 
SUIT CUSTOMERS’ SPECIFICATIONS 















RECTIFIER UNITS 
MADE TO MEET 
INDIVIDUAL REQUIREMENTS 


















BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY 
KEEN PRICES 


QUOTATION BY RETURN 


KEYSWITCHES, MAGNETIC COUNTERS, METERS ALSO AVAILABLE - 
INCLUDING MICROAMMETERS MODEL $37 0/250. 
WHOLESALE 


L. WILKINSON  tno° ‘Exroat 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 Telegrams : “ WILCO’’ CROYDON 




















_— SOLENOID TYPE SB. 


Continuous 2.3/8 lb. at 1” 
Instantaneous to 16 Ib. 
100% PRODUCTION 
INSPECTION 
Smaller Sizes Available. 


Also Transformers to 
6 KVA 3 Phase 





R. A. WEBBER LTD. 


PHONE 74065 | 


18 FOREST ROAD, KINGSWOOD, BRISTOL. 
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Miniature bearings 


TO ALL SIZES AND 
SPECIFICATIONS 





a gt ae 


FBC 


BRITI 


BALL & PARALLEL 
/ ROLLER BEARINGS 


/ 
/ FBC FISCHER 
/ FISC 4ER BEARI NGS CO eee) 
[ WOLVERHAMPTON 
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— have these outstanding features 


High operational speed 

The Carpenter Polarized Relay will respond High sensitivity 
to weak, ill-defined or short-duration im- 
pulses of differing polarity, or it will follow Freedom from contact 
weak alternating current inputs of high rebound 
frequencies and so provide a continuously Wo positional error 
operating symmetrical changeover switch P 
between two different meas. High contact pressures 

Five basic types are.available with a wide Accuracy of signal 






range of single and multiple windings. repetition 
Particulars of the type best suited to Exceptional thermal 
your purpose will be gladly supplied if you stability 


will send us your circuit details. 
Ease of adjustment 


Manufactured by the sole licensees : 


TELEPHONE MANUFACTURING CO. LTD 


Contractors to Governments of the British Commonwealth and other Nations 
HOLLINGSWORTH WORKS * DULWICH - LONDON SE21 ; Tel: GiPsy Hill 2211 


IONISATION CHAMBERS} for measurements, 


monitoring or control of BETA, GAMMA or slow neutron flux 








These ionisation chambers 
provide for measurements, 
monitoring or control of 
beta, gamma, or slow 
neutron flux. They are 
of compact design. The 
chamber is of conventional 
type with concentric H.T. 
and collector electrodes 
assembled in a mild steel 
outer case with a base plate. 
The feed through insulators 
are of special design and rigid 
limits are adhered to in 
manufacture. 








full range of 
_ sensitivity values 


See our Stand at 

the SCOTTISH 
INDUSTRIES 
EXHIBITION, Kelvin 
Hall, Glasgow. 

Sept. 2nd-18th 1954. 


Made 

by DANIEL 
VARNEY LTD 
and 
marketed 

by 


VACUUM INDUSTRIAL APPLICATIONS LTD., WISHAW, LANARKSHIRE 


VIA-VAC 


Specialist Manufacturers of industrial vacuum 
equipment—consulting service to industry 
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GUIDED WEAPONS 





The Guided Weapons Department of 
Vickers-Armstrongs Limited, Weybridge, 
has vacancies for the following Staff :— 


GRADUATE ENGINEERS, with Degrees in 
Engineering, Physics or Mathematics, and 3 to 5 
years’ experience in one of the following categories :— 


E.1. Design and development of high-pressure 
hydraulic or pneumatic systems_ and 
components. 

E.2. Development of techniques for vibration 
and/or climatic testing as applied to electronic 
equipment and design of associated test gear. 

E.3. Development work on reinforced plastics. 

E.4. Design of missile autopilots, simulators and 
computors. 

E.5. Design of U.H.F. and Micro-wave Trans- 
mitters and Receivers. 

E.6. Design of transformers and magnetic 
amplifiers, with good general knowledge of 
electrical properties of materials. d 

E.7. Design of electronic circuits and* servo 
mechanisms. 

E.8. Engineering development of missile electronic 
equipments. 


TECHNICAL ASSISTANTS, with Degree, Higher 
National Certificate or equivalent, and experience in 
one of the following categories :— 


T.1. Development and test of high-pressure 
hydraulic or pneumatic systems and 
components. 

..T.2. Environmental testing of missile components. 

T.3. Manufacture of prototype missile electronic 
equipments to M.O.S. specifications. 


T.4. Manufacture of reinforced plastic com- 
ponents and potting of electronics. 

T.5. Development and test of instrumentation for 
missile trials. 

T.6. Development of missile autopilots and 
analogue computers. 


LABORATORY ASSISTANTS, preferably with 
O.N.C. or equivalent. 


L.1. Assembly, test and maintenance of hydraulic 
and pneumatic systems and components. 

L.2. Drawing and constructing test rigs used for 
mechanical and environmental testing. 

L.3. Manufacture of prototype electronic equip- 
ment and electro-mechanical devices. 
Layout and wiring from circuit diagrams and 
sketches, chassis work and simple machining. 


DRAUGHTSMEN, with two years’ experience or 
more, as follows :— 


D.1. Design of ground airborne or missile types of 
radar equipment. 

D.2. Design of small mechanisms such as missile 
autopilots, and electro-mechanical com- 
putors embodying gyroscopes, accelero- 
meters, small motors, gearboxes, etc 


Apply to Employment Manager, Vickers- 
Armstrongs Limited (Aircraft Division), Weybridge, 
Surrey, giving full particulars and quoting reference 
EO/G.W./reference number above. 


Weybridge station is 30 minutes from London 
on the main Waterloo/Portsmouth line. 
Additional buses operate to and from the Works at 
starting and finishing times. Canteen facilities. 





SPEED UP your SOLDERING 


wie MONE Lect 


SOLDERGUNS and SOLDERING IRONS 





TYPE 21 












TYPE 22 s 
— . 


Obtainable from all leading 
TYPE 32 tool merchants art factors. 
Fully descriptive Brochure 
TYPE 42 free on request. 


Unbeatable from every point of view, well able to withstand 
hard workshop treatment and ideal for continuous use. 
Features include rapid constant localised heat—solid sturdy 
construction—low current consumption—perfect balance 
—absolute dependability. A type and bit for every purpose 
from fine instrument to heavy industrial work. Each tool 
includes 5 feet tough rubber 3-core cable. 


WOLF ELECTRIC TOOLS LIMITED 


PIONEER WORKS * HANGER LANE* LONDON WS5' Tel: Perivale 5631-4 
Branches: Birmingham - Manchester - Leeds - Bristol - Newcastle - Glasgow 








* TRANSRADIO LTD. 1384 Cromwell Rd. London SWZ. reesact 














‘ULTRA LOW 


capacitance « attenuation 


38 STOCK TYPES {c; 
for your 
STANDARD or SPECIAL 
APPLICATIONS 


T U.G. CONNECTORS-R.G. CABLES 


RADIO 
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MINIMUM DIMENSIONS EASE OF MOUNTING & WIRING VIBRATION & SHOCK PROOF 


To simplify and protect .. . 


Slydlok X type fuses afford the designer complete freedom because their 
ease of wiring, their compactness, and. above all their resistance to 
mechanical shock, enables them to be incorporated wherever convenient. 
Adaptable for cartridge fuses and neutral links, Slydloks afford protection 
with simplicity. Write for literature. 


== SYDIK cusas 


PALE ERENT 
LEER OEM, 


EDWARD Wileox & CO. LTD., WYTHENSHAWE, MANCHESTER. 


Tel.: WYThenshawe 2235/6/7. ’Grams: Slydlox Manchester 



































dmEW.5 














[t is admitted that the present reception of the BBC’s medium 
and long wave transmissions is most unsatisfactory in many 
parts of the country. 

The BBC is proposing to remedy these conditions by erecting a 


chain of some 51 V.H.F. stations, and it is almost certain that 
F.M. will be thé type of modulation chosen. 
The principle of Frequency Modulation technique is discussed 
fully in :— 

be e 

Frequency Modulation” 
By K. R. STURLEY, Ph.D., M.I.E.E. 
Price 2/6 (postage 2d.) 


The construction of a suitable receiver for the existing F.M. 
transmissions from Wrotham is described in :— 


‘**A Home-Built Frequency Modulated Receiver ” 


By K. R. STURLEY, Ph.D., M.LE.E. 
Price 4/6 (postage 3d). 





These and other monographs are obtainable from 


28 ESSEX STREET, [MCS Un Engineering STRAND, LONDON, W.C.2 
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| COAX PRECISION CONNECTORS | 


Beller on aff COUNTS 


<i 
=> 











e design 
@ machining 

® performance 
® price 

e delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€OAX Connectors 
€OAX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138ACromwell Rd. London SWZ. rresa21 
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COUMTERS [amma 
FOR EVERY ao 
INDUSTRY — 


BACKED BY 70 Please write for illustrated 
YEARS EXPERIENCE folder “EL’’ giving details 
of full range. Representa- 

tive will call upon request. 


DUNDEE 
Phone No. 85218 


She 4lawmte Trias 
London Office 


20 PURLEY WAY, CROYDON, SURREY 


Telephone THORNTON HEATH 3477-8 





CUWTS, 

















WILKINSONS 


STREET ml 


CW2415/150 





@ 


To Designers and others interestedin.. . 


* Alloys for Glass to 
| Metal Seals wit Expansion 








Co-efficients to absolute Values 


* Pure Metals and Alloys 


for Vacuum, Thermionic and X-Ray Tube 
manufacture 


| 
| * Bi-Metals and Thermo- 
| Expansion Alloys 

_ * Electrical and High 
Temperature Resistance 
Wires, Strip and Tapes 


| IMPORT DIVISION OF ... 


The TETRA Engineering Co., Ltd. 


Representing 
HERAEUS VACUUMSCHMELZE A.G. and 
ISABELLEN HUETTE 
(Makers of the Original Manganin Alloy) 





1-3 REDHILL STREET, LONDON, N.W.1. - 
Telephone ; EUSton 3707 PBX Telegrams : Tetcraft, Norwest, London 


PPP ILD DDD BP LLP PLD LLP LD LP LD DB BBP LE 
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CO 
Excdlne Zi CZ bag 


Specialists in Sub miniature Telecommunication 
Components 


STAND-OFF 
INSULATOR 





























































































































































































For 1500 volts working 
Overall height 1.1” 
Over chassis .86” 
Dipped tinned spill .35” 
Thread & hexagon 6BA 
will, 1 
These are reproduced > a 
iikibide CRINKLE: washers 
MINITRIMMER Zant wwe 
Standard maximum cap- i : 
acities up to I3pF Heat treated and plated, giving corrosion 
Suet 500 DC. : resistance with high degree of recovery 
ase #” square wit ; ; : 
fixing py or | in relation to load, and resistance to 
2” apart | “set’’. Spring locking action suitable 
Details from :— for electronic and instrument components. 
Size range 4” to 8 B.A. 
Prices and samples sent on request. 
CONTRACTORS TO THE ADMIRALTY © MINISTRY OF SUPPLY © @ OTHER GOVERNMENT DEPTS 
DEVELOPMENTS CO. LTD. 
ULVERSTON NORTH LANCS = 7Ze/; Ulverston3306 5 
s 
oaeeEEODOEOOEEEDARSSBBS SSS SSS 
BREEES* Scat. PA GRI-F 
ZS 
BA mia 
—— + 
__ VARLEY MAGNET 2 Wee to cover the 
BE BREA : 
BEF RE syllabus for the subject of 
FG COMPANY A cna 
BG RA Telecommunications in 
BF SA ; 
BY are the Pp eopie for RA mens the London University Degree 
BB SB 
BA 
A 
A TRANSFORM ERS Z 
BRR SS ies WAZ? Ss 
TrxitJ“_evv2qnoXW™®” a S 3 
——-~—=-—Tor S77 
BF GF 
BE We have been producing transformers for FA By A. T. STARR 
= 
BQ the trade for many years. Large and small F M.A., Ph.D., M.1.E.E. 
BW transformers, in large or small quantities. ZF : 
a > * . “ sag 29 : 
BRB We can get you out a single prototype very GF ag mo nsec nk aroun » & companion esta Ini 
Be qui ckly. Let us tell you more. Our reps. are F si bani porering 6 ie Lon a aoreny gree ayliabes in ananien, 
B ol FG will provide the firm foundation in “‘ light ” electrical engineering that is 
BE everywhere. Write: FA needed by the student before entering industry or proceeding to post- 
BRS, F rag gendyate study. Although mainly written to cover the syllabus of Tele 
aeetiet Zs RE-ERES communications in the London University Degree, the choice of material 
BR PI P° RRR FF in this new book makes it of value to students studying for similar examina- 
on _ CC . as 
BF “\7F_| tions. It will also serve as a valuable refresher course or reference work for 
BS T h e Vv a r I e y M a g n e t EF practising engineers. One of Pitman’s Engineering Degree Series. 454 
BF pages. 35/- net. 
ZF Company EA 
BA (and OLIVER PELL CONTROL LTD.) BF 
BA (dept. EE) CAMBRIDGE ROW, ZF PITMAN 
PRE WOOLWICH S.E.18. (Woolwich 1422) = FF 
RRA ee = EE -9ARAEG-FEFE ° ’ 
2222S" Parker St., Kingsway, London, W.C.2 ' 
—OO OHO OOOO OH 
MUEa>DUDno~annnnn.ynw.nrnnnnnnrnr-reene~—“~"— 7 
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“FREQUENCY METERS ELECTRONIC 








































UP TO 5000 CYCLES ENGINEERS 


PROMPT DELIVERY 


An exceptional opportunity exists for research and 
development engineers, wishing to work in a rural area 
of S.W. England. The posts are permanent, pensionable 
and carry top rate salaries. Houses and flats are 
available. The working conditions are ideal, the 
laboratories being housed in a new building designed 
for the purpose, close to a well-known country town in 
the heart of one of the most attractive districts. The 
| | work offers the maximum amount of interest, being 
| | concerned with a new super-priority Government 
| | Development Project undertaken by a Company 
famous in the electronic industry. The vacancies are for: 


| 1. SENIOR ENGINEERS, with good academic 
background in physics or engineering and 7-10 
years experience of research or development, 
covering a wide range of electronic techniques, but 
special knowledge of VHF and UHF fields would be 


also the new SYNCHROSCOPE an advantage. 


2. ENGINEERS, as above, but applicants with more 


M.C. KILOVOLTMETERS limited experience will be considered. 


and full range of Switchboard Instruments. 3. JUNIOR ENGINEERS, with a degree or equiva- 


Ask for illustrated Catalogue lent in physics or engineering. Previous practical 


THE ELECTRICAL INSTRUMENT experience not ‘essential. 








= , co. (Hillington) LTD. Applications should be made, in strict con- 
; HILLINGTON, GLASGOW fidence, with full details, to Box No. W 2387 


London stockists, H. A. Patterson, 156 High Holborn. Electronic Engineering, 28 Essex Street, W.C.2. 











E.G.13 








THE FAIREY AVIATION COMPANY 
LIMITED 
Heaton Chapel, Stockport 





have the following vacancies on GUIDED 
WEAPONS, of unusual interest and opportunity :— 


(a) ELECTRONIC ENGINEER to maintain 
micro-wave/pulse test gear. Practical fault- 
finding experience on radar or similar 
equipment essential ref. No. 101). 


(b) ELECTRONIC ENGINEER to maintain and 
operate Analogue Computers for Flight 
Simulation testing. Applicants should be of 
H.N.C. standard with electronic and preferably 
some. servo-mechanism experience (ref. No. 
102). 


w+ 

















b 
“4 (c) ELECTRO-MECHANICAL ENGINEER to 
s be responsible for a team testing servo- 
7 mechanisms and associated electronic equip- 
“4 The ‘Tophet’ range of resistance materials is eminently suit- ment. Applicants should preferably be of 
le- able for use under the most exacting conditions as the physical H.N.C. (Elect.) standard and have had some 
ial and mechanical properties always remain constant, ensuring electronic experience (ref. No. 103). 
la- long and efficient service. ‘ F 
or Our RESISTANCE HANDBOOK gives complete electrical fone vag Boren oe 07 == benefit of Staff 
54 and physical data regarding “Tophet’ resistance wires, stainless peewee. ome a6 mn nates act — ate 
steels and ultra fine wire, as well as particulars of our ‘Truflex’ Successful applicants will receive specialized training. 
thermostatic bimetal. Applicants to give full details, in confidence, of 
Monufactured by GILBY“-BRUNTON LIMITED ————— 
HEAD OFFICE & “aes SEAMILL, MUSSELBURGH, SCOTLAND 
Telephone : Musselburgh 2369 THE EMPLOYMENT MANAGER, 
2 LONDON OFFICE: 47 WHITEHALL, ’S.W.1. Tel: WHitehall 6058 Heaton Chapel Works, Stockport. 
me 
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ELECTRO- 
MAGNETIC 
COUNTER 














MAJOR TYPE 6 x I} x I} ins. 

3 ohms operates on 3/6 Vo. D.C. 
500 ohms operates on 18/24 Vo. D.C. 
1,000 ohms operates on 100/110 Vo. D.C. 
2,300 ohms operates on 200/230 Vo. D.C. 


17/6 Post & Pkg. 9d. 


MAGNETIC RELAYS 
UNISELECTORS 
KEY SWITCHES 


VV V VU OVPYPVPVPVPVOVOOVOOVOOVO™1—?. 


: JACK DAVIS (RELAYS) LTD. ¢ 


§ Dept ‘E’ 36 PERCY STREET, LONDON, W.|I 
MUSEUM 7960 LANGHAM 4821 


AMMAN NAWMAwW22W!2A™Ww 














DRAYTON 


FRACTIONAL H.P. MOTOR UNITS 


The DRAYTON R.Q. is a miniature capacitor induction 
type motor with a current consumption at 230 
volts, 50 cycles of 0.09 amps pf. 0.9. It is available: 


‘ 


RQG GEARLESS 
Running at 2,700 for 


r.p.m. continuously or 
intermittently in either actuating valves, 
= or _ dampers, rheostats, 
ously reversed. geneva movements, 
rocking baths, 
Slashing signs, 
RQR GEARED illuminated models, 
For continuous or soldering and 
intermittent running welding fixtures, 
or reversing at speeds rotating tables, 
from 27 mins. per rev. automatic light 
to 600 revs, per min., strip feed 
with or without self- th ted 
switching up to 2 1/3 lubricating and 
other small pumps, 


r.p.m. 
small macl.ines, 
animated displays, 
vibrators, 
developing baths, 
agitators, fans, 
aspirators, etc. 


































RQH GEARED 


For high final shaft 
speeds for continu- 
ous or intermittent 
running, forward or 
reverse, 
Send for List No. M. 302-1 RQIs 


The Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex 
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for the 





| 
| 
| Type C.30 PUSH BUTTON UNIT 
arranged for mounting on 
customers’ own cover plate. 







Safuse Works 


i] 


DONOVAN 
ACCESSORIES 





| THE DONOVAN ELECTRICAL CO. LTD. 


EQUIPMENT FOR 











ah tens te], ile 


APPARATUS 
MANUFACTURER 


A.C. POWER 
RELAY 


4-Pole Open Style 





TYPE J.96 
TERMINAL} BLOCKS 


















Made in 15, 
30 and 60 
amp. sizes. 















evailielae, Birmingham, 9. 


EARCH 





DEVELOPMENT 


* Vibration 
Equipment 


* High Speed 
Electric Counters 


%* Strain Gauge 
Equipment 


%& High Accuracy 
Tachometers 


% Temperature 
Measuring 
Equipment 





CHELTENHAM 
TELEPHONE 53606 











— 









NEOSTRON COUNTING UNIT 
Vaive-triggered counting unit, in- 
corporating D.W.A. High-Speed 
Pulse Register, for accurate timing 
applications where the instrument 
counts tuning fork oscillations, or 
any other rotary or oscillating 
motions using photo-electric or 
other pick-ups. 








ENGLAND 
TELEGRAMS “INVENTION” 
x/pwa..t 
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A.V. ROE & CO. LTD. 
WOODFORD AERODROME, CHESHIRE 


have vacancies in their newly formed 


Weapons Research Division 


SIMULATOR DEVELOPMENT 


Electronic Engineer with Honours Degree in 

Physics or Engineering and having experience on 

the design of electronic computors or simulators. 
The vacancy is for someone to take charge of and 
build up a team which will be working on Simu- 
lator Development. 


TRIALS 
Electronics Engineer with Physics Degree and a 
wide practical experience of telemetering. 


The vacancy is for someone to take charge of and 
build up a team for the development of trials 
instrumentation. 


GOOD SALARIES & PROSPECTS 
PENSION & LIFE ASSURANCE SCHEME 





Apply giving full particulars of academic training 
and experience to :— 


A. V. ROE & CO. LIMITED 


Weapons Research Division 








Woodford, Cheshire 








PROBE UNIT 


for 
Oscilloscopes. 
High 
Impedance. 





3 ranges. 


(Separate power 
supply optional). 





SUTTON COLDFIELD ELECTRICAL ENGINEERS 
Clifton St., Sutton Coldfield, Birmingham. Phone: SUT 5666 





TRANSFORMERS 
CHOKES 
PHASE SHIFTING TRANSFORMERS 
COoILs 


@ MADE TO YOUR SPECIFICATION IN ANY 
QUANTITY AT COMPETITIVE PRICES 


@ HIGHEST GRADE MATERIALS AND INSULA- 
TIONS USED 


@ DIE_ CAST OR MOUNTING 


FRAMES 
BRACKETS MADE FOR ALL FITTINGS 
Send your enquiries to - 
W.L.R.S. LTD. 


DELTA HOUSE, 30 FAUCONBERG RD., CHISWICK, W.4 
CHIS. 0384 











We Specialise in... 


MAGSLIPS SELSYNS 





and other 
ROTATING COMPONENTS 
for 


AUTOMATIC CONTROL SYSTEMS 


Brochure available from :— 


Serve and Electronic Sales Ltd. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16 
STReatham 6165 


*SPEARETTE” 


MINIATURE VALVE PIN ALIGNING: TOOLS 








TYPES AVAILABLE FOR 
B7G - B8A - B9A - BIG 
VALVE BASES 
BENCH AND CHASSIS MOUNTING 


SPEAR ENGINEERING CO. LTD. 


WARLINGHAM ° SURREY 
Telephone : Upper Warlingham 2774 




















A CAREER AS A REGULAR ARMY OFFICER 
FOR QUALIFIED ENGINEERS 


MECHANICAL, ELECTRICAL AND ELECTRONIC 
ENGINEERS are required as Officers in the Corps 
of Royal Electrical and Mechanical Engineers. 


There are two methods of entry. These are either :— 
(1) On a short-service commission (which offers a good 
opportunity of obtaining a permanent commission) 
with a gratuity of about £100 for each completed 
year of service on leaving. 
OR 
(2) Ona Permanent Regular Commission with a valuable 
pension and a terminal grant of £1,000 (tax free). 
Candidates must be physically fit and not yet 29 years old, and 
have passed or be exempt from examinations of either the 
Institution of Mechanical Engineers or the Institution of 
Electrical Engineers as required for graduates, or have a 
University degree in Natural Science or Engineering. _In 
addition 24 years’ experience as an engineer (or 1} years 
in the case of University graduates) is normally required. 
= pay which Army officers may expect is according to the following 
ta 


Rank Normal Age If Single If Married 
Lieutenant - 23 £686 £831 
Lieutenant és 25 £723 £860 
gg re 27 £860 £997 
Maj a 34 £1,188 £1,325 
Lt.-Colonel e 42 £1,453 £1,581 
Colonel “< 45 £1,791 £1,919 
Brigadier ~ 49 £2,065 £2,184 


(Note.—This is the U.K. scale ; there are various additions in certain 
overseas stations. In this table the figures of a single officer’s pay include 
an element for food and accommodation which are normally provided 
in kind. This has been done to provide a direct means of comparison 
with civilian scales of pay.) 


For further details please write to :— 
The War Office (AG1(Officers) C), 
London, S.W.1, and quote this publication. 
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mean DEPENDABLE 
frequency control 


Sige racgye Pegg 3 ALL Brookes Crystals are made to 
Crystal units from exacting standards _and close tolerances. 
a range covering They are available with a variety of bases and 
100 ke/s to 500 ke/s, in a wide range of frequencies. There is a 
and 3 cls to Brookes Crystal to suit your purpose—let us 
20 Me/s. have your enquiry now. 


Brookes Crystals Ltd. 


Suppliers to Ministry of Supply, Home Office, B.B.C., etc. 


EARLSWOOD STREET, LONDON, S.E.10 


Telephone : GREenwich 1828 
Grams: Xtals GreenLondon. Cables: XtalsjLondon 





BROOKES 








Pressings and 
sub-assemblies in 

all types of ferrous 
& non-ferrous metals 
including Beryllium copper 


A.I.D. Approved 
inspection dept. 
Fully equipped 
tool room. 
Modern Heat 
Treatment plant 

& Barrelling 
techniques. 

























C. BRANDAUER coi 


— of Pen Fame. Est. 1862 — 
NEW JOHN ST. WEST, BIRMINGHAM 4.750Phon® 45 
London Office: 124 Newgate St., London, E.C.1. Telephone : MONarch 532! 











fine automatically made pieces in 


Quantity sduction of 
in, and vo materials for electric cooking 


Steatite, Porcelain, 
and heating 











GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 


Tel. : 20981/9. Grams.: “ Bray, Leeds" 
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‘B-W’ Electric 
FURNACES 


The wide range of ‘ B-W’ 
industrial heating equip- 
ment includes many types 
of industrial furnaces and 
ovens, large and small. 
Temperature ranges and 
capacities cover all normal 
needs and special types can 
be built to requirements. 


@ General Purpose 
@ Automatic Control 
@ Various sizes 





Write for details today. 


For temperatures up to 1,400°C. 
* 


INDUSTRY NEEDS HEAT— 
YOU NEED ‘B-w’ 


‘B-W’ PRODUCTS INCLUDE : 
e OVENS © METAL POTS 
e DIP TANKS e WAX POTS 
eSALTBATHS e LEAD POTS 


All enquiries to SALES OFFICE : 
2 DORSET SQUARE, LONDON, N.W.i. AMBassador 5485 
WORKS : NEASDEN & BLETCHLEY. 
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A VERY SENSITIVE ELECTRONIC RELAY FOR A 
WIDE VARIETY OF LABORATORY APPLICATIONS 
| 
| CASH PRICE £2/19/6 
| OR EASY PAYMENTS— 
7/4 deposit and 8 monthly 
ind payments of the same amount. 
z C.O.D. if Other Wolf Solderguns : Deposit and 
sin required ° 8 monthly’ 
| at no / Cash Price payments of 
US | extra cost Type 81 Heavy Work 2/19/6 or 7/ 
| | » 71 Medium—Heavy 1/12/6 or 4/- 
als | », 31 Fine Instrument 1/10/- or 3/8 
er | We also supply ,, 41 Fine—Medium 1/8/6 or 3/6 
WOLF DRILLS _,, 21 GeneralIndustrial 1/5/6 or 3/2 
etc., etc., Let us have your inquiries—no order too small. 
Desk 56 LAFCO COMPOUNDS LTD., 
| 3 Corbetts Passage, Rotherhithe New Rd., London, S.E.16 
| BERmondsey 4343 Ext. | 
Our products include— 
Presspahn and Leatheroid ; Pressboard ; Vulcanized Fibre ; 
| Cable and Red Rope Paper ; Bakelite and Ebonite ; Varnished 
Paper and Tapes ; Varnished Silks and Tapes ; Varnished 
Glass and Tapes ; Varnished Cambric, Silk, Glass and P.V.C, 
This Electronic Relay is a device for switching apparatus demanding | Sleevings ; Cotton Tapes, Webbings and Sleeving ; Chatterton 
heavy operating current where it is —— for the — | Compound ; Adhesive and Rubber Tapes. 
medium to carry such current. It is ideal for use with contact 
thermometers or mercury-toluene temperature regulators and yields a PRESSP AHN LTD 
degree of reliability and precision of operation of the highest order | 9 e EGISTER 
obtainable with this class of apparatus. Bradford, Yorks, England ¥ Eo 
7 | Established 1900 
A.C. Mains Operated — Controls up to | KW. | FListE 
PRICE £6-6-0 — LEAFLET ON APPLICATION. | ELLSTEA 
20 . Telephone : 
Labgear (Cambridge) Ltd. | Bradford 25135 (Pvt. Br. Ex.) ELLSTEA 
Tel. 2494/5. WILLOW PLACE, CAMBRIDGE Telegrams & Cables : o> y <1 
in | “* Presspahn, Bradford ” « me 








PROGRESS... A NEW SMALL AUTOMATIC 
A-C VOLTAGE STABILISER 


— 


The result of splendid effort 


P.V.C. AND ens 
British enterprise, energy and in- 

POLYTHENE genuity produced the Jet Engine... 
There is no limit to British achieve- 


SLEEVINGS ments .. . There is also no end to 
INSULATED the Insulating Sleevings which we 
produce for many Industrial applica- 
WIRES AND tions. 
FLEXIBLES A.L.D. Approved. 
PLASTICABLE LIMITED 
Hawley Lane ° Farnborough . Hants. The ASR-1I150 Weighs 1} Ibs. 


Phone: Farnborough Hants 85. 





Measures 8$x4ix5 = Price only £24 


This new Stabiliser will handle loads up to over | 

ogee pa ao kilowatt—having an output of 5 amperes at (usually) 

230 volts. As a general rule it weighs only about | 10th 

of the so-common “‘choke-condenser” types offered by 
some competitors. 

ASR-1150 is totally unaffected by changes in the 

- . mains frequency. It is also quite insensitive to load 

“Radios ares’ changes, working equally well from 0°, to 100°, full 

Pp ‘ load (1.15 kVA), It has no large, high a-c working rating 

\ capacitors—which fail regularly in “resonated” types of 

| Th P Stabiliser, and which are very expensive to replace. 

aa a y arts May we send you a copy of our new 20-page Supple- 

mentary Catalogue published July 1953. Just ask for 
Catalogue V-549-S. 

The ASR-1150 is merely one of an entirely new range 

of A-C Stabilisers, ranging from 200 VA to as high as 

50 kVA—all dealt with in Catalogue V-549-S. 


CLAUDE LYONS LTD 


180 182 TOTTENHAM COURT ROAD, LONDON, WI 
OR: 76 OLDHALL STREET, LIVERPOOL, 3, LANCASHIRE 


New Southern Factory, 4-10 Ware Road, Hoddesdon, Herts. 
(A.10 main London/Cambridge Road, at Junction of A.602) 














Service Engineer’s 
First Choice 
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REDUCE YOUR 
PRESS TOOL COSTS 


Yj 


THE HUNTON UNIVERSAL BOISTER OUTFIT 
FOR SHEET METAL PIERCING AND 








Bolster Frame with 
2 adjustable gauges 
and insertable steel 
holders for Dies 
+ in. to 33_in.(bore 
diameter. 


Hy] Two Punch Holders 

i detachable 
i, positive-action 
HY] Strippers take the 
“ complete range of 
Punches % in. to 
32 in. diameter. 


Equip your Press with the 
Hunton Outfit and use inexpensive 
standardised Punches and Dies 4 in. to 3} in. diameter 
obtainable from stock—in ,, in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in. long), Corner 
Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc. 
Get the outfit now—Buy es Dies and tools as you need 
them. 


Descriptive brochure and prices on reques 


HUNTON LIMITED 
Phoenix Works, 114-116, Euston Road, London, N.W.|I. 


Telephone : Euston 1477 Telegrams : Untonexh, London 


TECHNICAL BOOKS 


H. K. LEWIS & Co. Ltd. invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering. Catalogue on request. 
LENDING LIBRARY: Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Request. 
THE LIBRARY CATALOGUE revised to December, 
1949, containing a classified Index of Authors and Sub- 
jects.- To subscribers, 17s. 6d. net. To non-subscribers, 
35s. net. Postage Is. 6d. Supplement 1950-52. To 
subscribers, 3s. net. To non-subscribers, 6s. net, 
postage 6d. 


LONDON: H. K. LEWIS & Co. Ltd. ,136 Gower St.,W.C.l 


Telephone: EUSton 4282 (7 lines) 
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LONDEX 
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LONDEX LTD ANERLEY WORKS LONDON, SE20O 
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Provide the means for the correct 
securing of components and cable looms 
in radio and electrical instruments and 
equipment. The very extensive range 
covers wiring requirements generally. 
Made in high dielectric material, non- 
electrolytic, non-magnetic, radiused 
edges, fully tropical. Approved all 
services. 


















Samples and literature on request 


INSULOID MANUFACTURING COMPANY LIMITED 
Sharston. Works, Leestone Ave., Wythenshawe, Manchester. Tel: Wythenshawe 2842 





For clean, noise-free 

recordings—the 

LeeRaser'i 

Tape De-magnetiser 
Type B 

(up to 7” dia.) 
£9 10 0 


Type C as 
illustrated, for 





Sa 
LEEVERS RICH 

















all sizes 


£15 0 0 


As supplied to B.B.C. and leading Recording Stud.os 


LEEVERS-RICH EQUIPMENT LTD. 


Please note new address : 


78 HAMPSTEAD RD., LONDON, N.W.|I. EUSton 1481 








Electronic Engineers are 
changing to the Newtee 


*MINIMOUNT’ 


COMPONENT MOUNTING SYSTEM 
(Brit. Pat. Appl. for) 


because 


* it is so simple 

%* it is so versatile 

* it reduces stock problems 

%* it gives better joints more quickly 
* it simplifies identification 

%* it is best for development 

%& it is best for mass production 


* it is so inexpensive 


ASK FOR LEAFLET 52/9A FROM 


JOYCE, LOEBL C*L™. 


Vine Lane, NEWCASTLE-upon-TYNE, 1. 
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IMPACT 


To protect valuable equip- 
ment with the new METPAK 
SHOCK ABSORBER is the 
insurance against 














complete 
damage in transit. Tested 
and proved and used exten- 
sively by the Ministry of 
Supply and many in- 
dustrialists. Why not 
make sure your equip- 
ment is received in 
good condition. Write for 
full details. 


gr TPAK 
Sole licensed ME REGD. 


manvfacturers:— BRAYHEAD SPRINGS LTD. 
Full View Works, Kennell Ride, 
Ascot Berks. 
Telephone: Winkfield Row 427 








101 Nibthwaite Road, Harrow, Middlesex 





Harwin Engineers Ltd., 








Plant and materials 
FOR PERFECT FINISHING 


The high precision of all 
demands perfection from the design stage to the 
finish of each component. 


electronic equipment 


This high standard is assured by the use of Canning 
electroplating and polishing equipment and materials. 








BIRMINGHAM 18 


TCanninG= 


BELCLERE 


MINIATURE 


Standard Input 
TRANSFORMER _*% 


Small, efficient, low priced, size |” x 2” x 2?” overall as illustrated. 
Uses : For coupling inputs of 3-150 ohms to normal type pentode 
valves. Specification : Ratio 1-50, Primary 3.5 ohms. Secondary 
inductance 160 H at 1,000 c.p.s. Range 6} octaves + 2 db. Finish 
varnish dip, encapsulated block or mu-metal screening can. 
Quick delivery—low price—maximum efficiency. 

JOHN BELL & CROYDEN, II7 HIGH STREET, OXFORD 

Telephone : 47072 c Cables : Belclere, Oxford 





















































P.V.C. mouldings, and 


for the Aircraft, 





by Injection and Compression techniques. 


Electrical 


Development and Production of Industrial and Trade Moulding 


Specialists in 
work incorporating metal inserts 


and Electronic Industries. 
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BRITISH PLASTICS DEVELOPMENTS 


NEW DIGATE 








SURES FY 
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the metal finishing of ELECTRONIC COM- 
PONENTS. Our work is laboratory controlled 
resulting in a high standard of finish. 

Weare ina position to undertake large quantity 
production of RHODIUM, SILVER or GOLD 


materials including light alloys. 


Service is”also available for Electro-forming of 
Wave Guides or intricate shaped components. 


BM hw bee 


PLATING WORKS Ltd 


Avenue Road, Acton, 
London, W.3. 
Telephone: ACOrn 1102 

















HILTON RELAYS HILTON RELAYS HILTON RELAYS 


Hl Ton 
RELAYS 


HILTON 
ELECTRIC CO.LTD 


52,POOL ST.WOLVERHAMPTON Phone: 22783 
HILTON RELAYS HILTON RELAYS HILTON RELAYS | 














PLASTIC 


“aAmorcos 





Over 50 presses 
MODERN TOOL ROOM 


ELCO PLASTICS LTD.tigh wycombe. Bucks. 
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established as the premier Electro-Platers for | 


plating to deposit specification on any plateable | 
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A. BORLAND LTD. 
ENGINEERS 


TURNED PARTS IN FERROUS OR 
NON-FERROUS MATERIALS TO 
CLOSE LIMITS. CAPACITY FOR 
| SPEEDY DELIVERY UP TO 23” 


| Your enquiries invited 
39/40 SUMMER HILL ROAD, 
BIRMINGHAM, | 











| 
EP YOU 000 mmmmoccmcmcmn 
a small METAL PRESSING 
for your product, why not consult us ? 
& e e 
| We specialise in light precision 


| presswork in all metals for the 
| Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


| 80-81 BATH STREET BIRMINGHAM 4 
| 





Phone: CENTRAL 2492 




















| GIVE YOUR WINDINGS 
| ‘A GOOD LIFE 


impregnate with a 


BLICKVAC HIGH-VACUUM IMPREGNATOR 
| 


| Full range of models available to meet the needs of 


%* the large-scale Producer 






%* the Research Laboratory 
* the small Rewind Shop 


BLICKVAC UNITS MEET THE MOST 
STRINGENT SPECIFICATIONS. 


Outstanding Features : 

@ Ease in control 

@ Simple attachment of 
auxiliary autoclaves 


@ Fully demountable to 
facilitate cleaning 

@ Best quality fittings 
throughout 

@ Unequalled flexibility and 
performance 


@ Units available suitable for: 


VARNISH, WAX, BITUMEN, POTTING RESINS 


your problem is Coil impregnation 
CONSULT BLICKVAC 


Write today to Hamilton Road Works, Hamilton Road, S.E.27 
| GIPsy Hill 4394 
Associated with Blick Time Recorders Ltd., Blick Engineering Ltd. 
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} 
| Announcement. 
The Woden Transformer Company Limited extend 
their service in the field of modern aircraft and 
guided weapons by recently completing extensions 
to their department for the construction of precision 
electro-mechanical devices such as :— 
differential relays, transducers, torque-motors, 
solenoids etc. Design, development and manufacturing 
facilities are now available on a far wider scale and 
enquiries are invited. 
| <IIIODE N> 
: ae CO. LTD 
WODEN “TRANSFORMER C0. LTD 
MOXLEY. - ROAD EON STAFFS. 
[ : eee Tel: BILSTON $1959. Te 4 
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Prov. 
Patent. 
10037/53 


now includes nine models 


Model HF510 
HFSIO 
HF610 
HF610 
HF810 
HF812 
HF912 
HFiO12 
HF1I214 


5” Steel Unit 
5” Die cast Unit 
” Steel Unit 
” Die cast Unit 
” Steel Unit 
” Die cast Unit 
” Die cast Unit 
10” Die cast Unit 
12” Die cast Unit 


eee 


3 or 1§ ohms impedance 
Transformer available if required. 


” (Tax paid) 





the famous range of 


AY, lenlorian 


CAMBRIC CONE UNITS 





£1.17.6 
£1.19.6 
£2.10.6 
£2.12.6 
£3. 0.6 
£3. 5.6 
£3. 9.6 
£3.17.6 
£9.15.6 


@ SEE AND HEAR THEM ALL AT STAND 


Our High Fidelity units—incorporating the patented Cambric Cone 
—created a world-wide demand in a matter of months. 
phenomenal success has caused us to reorganise our manufacturing 
programme for this remarkable range, and we can now offer a choice 
of nine models, up to 12 inches in diameter, each providing out- 
standing performance in relation to price. 
new ready-to-assemble Bass Reflex Console Cabinet, or dimensional 
drawings of recommended cabinet, and leaflets giving full technical 
details of High Fidelity Units, or ask your dealer to demonstrate. : 
Alternatively, these speakers may be heard at our London Office, 
109 Kingsway, W.C.2, any Saturday between 9 and 12 noon. 


@ WHITELEY ELECTRICAL RADIO CO. LTD + 


This 


Write for details. of the 


MANSFIELD NOTTS 


105—RADIO SHOW 





hel, 





Printed in Grom Britain by The Press at C 


Strand, W.C. 2. Registered for Tr 


ds, Ltd., Addi 





» Surrey, for 7 Propriewrs, Morgan Brothers (Publishers), Ltd., 28 Essex Street, 
Magazine Post. 














The Annual Radio Show has once again 
demonstrated the proufl position occupied by 
T.C.C. Condensers — they were in the majority 
of chassis exhibited, as they have been at so many 
previous Shows. This leadgrship is not easily achieved 
nor easily held: only by constant research and development 
can we maintain our jealqusly-guarded reputation for 
quality. We were glad t@ welcome so many of our 
friends at our Stand, where they were able to 
see some of our |latest productions. 


THE TELEGRAPH CONDENSER CO. LTD 
RADIO DIVISION » NORTH ACTON LONDON - W.3 - Telephone: ACOrn 006! (9 lines) 
PR9ECIALISTS IN CONDENSER S ee SEs 19 0 6 
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ERSIN MULTICORE SOLDE 


meets every requirement of 


Yih ie 
poe 
«ee 
veces per 


Anemone 


ERSIN  MULTICORE SOLDER 
contains 3 or 5 cores of Ersin Flux, a 
high grade, non-corrosive rosin with 
an increased fluxing action. Ersin Flux 
makes precision soldering quicker and 
more economical. Thin solder walls 
ensure instant melting and there is no 
need for extra flux. 

Ersin Flux not only prevents oxidation 
during soldering but actually cleans 
surface oxides. 6 alloys and 9 gauges 
supplied in nominal 7-lb. reels : other 
alloys and gauges to special order. 
Ersin Multicore Solder is made to 
comply with A.I.D., G.P.O., A.R.B., 
D.T.D. 599, R.C.S. 1000 and all U.S.A. 
Federal specifications. The consistently 
high quality of Ersin Multicore Solder 
as supplied to manufacturers during the 
past 15 years, has justified its reputation 
s “ The Finest Cored Solder in the 
World ” 





RADIO AND 
T/V SERVICE 
ENGINEERS’ 


1-Ib. REELS F 


An economy 
pack containing 
approximately 
167 feet of 18 
50/50 


Cat. Ref. 


S.W.g. 
alloy. 


(subject). 


R.5618 


15/- each 





HANDY 
SIZE 1 |} i,ieicaie 
CARTONS ||”, 
5/- EACH |: Solve 


(subject) 





4 specifications. 





Alloy 
Tin/Lead $.W.G. 


69/49 14 
60/40 18 
C 14013 40/60 “1B 19 feet 
C 14016 40/60 16 ~ 38 feet 
* Specially recommended for television. 
Also available in 6d. cartons containing 
approx. 3 feet 40/60 Alloy 18 s.w.g. 


Approx. length 
Per carton | 


21 f eet 
“55 feet 


Cat. 
Ref. No. 
C 16014 
*C 16018 





Special MULTICORE products for specific uses 


MELTS with /s — » 
a MATCH S) 
wmurTicore 


TTT 
rast - ECONOMICAL STRO! 


MULTICORE 
TAPE SOLDER 


A real tin / lead 
solder containing 
cores of Ersin 
Flux. Melts with 
a match. Avail- 
able to mant- 
facturers in 34 Ib. 
reels. 





Ferguson operatives will 
solder 25,000 joints in 
10 days using ERSIN 
MULTICORE SOLDER 


Multicore are, once gain, the only 
solder manufacturers to exhibit at the 
Radio Show. Spectators will see 
personnel from Ferguson’s Enfield 
factory assembling and soldering tuner 
units to be fitted to Ferguson T/V sets. 
Ferguson Radio, 
manufacturers of electrical equipment, 
use Ersin Multicore Solder. 

Manufacturers, 


Multicore Solder for 15 years, know that | H.R. joints. 


know 


ATTRACTION 


like other leading jthey can rely on its guaranteed charac- 
teristics—they 
correct soldering technique, 
who have been using} tinuous flux stream prevents dry or 


with the 
the con- 


that, 





or Bib WIRE STRIP 

and CUTTER 
New 3 in | tool—an essential” 
for every electrician or home 
handyman. Strips insulation 
without nicking wire. Cuts 
wires cleanly. Splits plastic 
extruded twin flex. Adjust- 
able by turn of a screw to 
most thicknesses of wire. 
Packed in instruction cartons” 

price 3/6 exch (suBJECT) 


ULTRA-FINE GAUGES 


16 s.w 22 s.w.g. 34 s.w.g. 
98 ft. cart. $12 ft. perlb. 5,040 ft. per Ib. 


Yes, the 34 s.w.g. does contain 3 cores” 
of flux! 


Ersin Multicore Solder can be supplied 
in | lb. reels to Manufacturers in as 

a gauge as 22 s.w.g., and on 3-lb. reek) 
in even gauges between 24 and 34 s.w.g. 


SPECIAL HIGH AND LOW 
MELTING POINT ALLOYS 


Melting point 


145°C 


Type 
TLC: 


L.M.P. ALLOY with 2% 
silver content) . 


oly 
COMSOL (Tin hand Silver) 


179°C 
232°C 
296°C 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS » BOXMOOR 3636 (4 lines) | 
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